


Violent Spring Recoil is Dangerous, Destructive 
and the Chief Cause of Motoring Discomfort 


VERY Engineer realizes the above 

and has worked hard to check this 
recoil. The difficulty however has been 
to adequately check a violent recoil—the 
recoil following full spring compression 
—without at the same time overchecking 
mild recoil—the recoil following minor 
spring compressions. Recoil force may 
be anything from a few ounces to a great 
many hundred pounds per spring. 


To give just the right amount of check- 
ing resistance to each and every one of a 
thousand different forces of recoil, and to 
do this automatically in the one device, is 
no mean accomplishment. If we may be 
pardoned the seeming immodesty, we 
wish to say that Watson Stabilators do 
exactly that—they resist each and every 
recoil movement in proportion to the 
recoil force. Stabilators thus hold in 
check the most violent recoil force with- 
out holding the springs bound down 

when the recoil force is only a matter 


Exactly opposite to snubbing of ounces. 


In checking spring recoil, 
lators work exactly op- 


posite to the snubbing princi- 


ple. Instead of checking with If you are going to go after spring re- 


ajerk at the tail end ofthe re- 
coil movement, Stabilators get 
on the at the very begin- 
ning of the movement and 
smoot: 


ception 

the other. They are different 
to the point of absolute oppo- 
siteness. 


coil at all, why not go after it right? If 
you agree that it is correct to resist spring 
recoil in proportion to the recoil force 
then you will want to see Stabilators 
because Stabilators alone work on this 
principle. 


JOHN WARREN WATSON COMPANY 
Twenty-Fourth and Locust Streets 
Philadelphia, Pa. 


WATSON 


-STABILATORS 


CHANGE THE WHOLE NATURE OF YOUR CAR 
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Stationary-Engine Vice-Presidency 
W. WITRY has been nominated to serve during 
1923 as second vice-president for stationary 


a internal-combustion engineering. In reporting 
to this effect, the Nominating Committee, of which Cor- 
nelius T. Myers and B. S. Pfeiffer were chairman and 
secretary respectively, completed its work. The other 
nominees for the offices of the Society next falling vacant 
under constitutional provision were listed in the July and 
August issues of THE JOURNAL. 


COMPARATIVE STATEMENT 
INCOME 

Initiations 

Dues and Subscriptions 

Affiliated Appropriations 

Interest 

Advertising Sales 

Miscellaneous Sales 


1919-1920 


$19,940.00 
67,299.50 
8,125.00 
4,716.95 
139,090.18 
8,034.92 
$247,206.55 
EXPENSE 
Publications 
Sections 
Research 
Employment Service 
Membership Increase 
Standards 
Cost of Advertising Sales 
Cost of Miscellaneous Sales 
Meetings 
General Administration 


$65,078.57 
8,807.03 


21,302.27 
3,824.12 
15,131.79 
83,567.12 
$227,650.43 
Unexpended Income $19,556.12 
Deficit 





An Ordnance Exhibition 


if \HE Ordnance Department of the United States 

Army has invited the members of the Society to 

witness a demonstration of ordnance materiel at 
the Aberdeen Proving Ground, Md., on Friday, Oct. 6. 
Members who attended a similar demonstration held in 
1921, strongly praised the program as being interesting 
and instructive. All types of ordnance are assembled for 
inspection and firing. The latest types of mobile artillery 
mounts, tanks and trailers are demonstrated. This an- 
nual exhibition is arranged to acquaint engineers in the 
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industry with the progress made in ordnance design, 
thus fitting them to serve the Country efficiently in a 


national emergency. Details of the meeting are given 
on p. 281. 


1923 Budget 


HE tentative figures being considered by the 
Finance Committee in connection with the prepa- 


ration of its report to the Council on the financial 
budget of the Society for the fiscal year beginning Oct. 1 





Estimate 
1922-1923 


$15,000.00 
75,000.00 
7,500.00 
5,000.00 
150,000.00 
12,000.00 


1920-1921 
$19,265.00 
76,456.50 
7,500.00 
5,567.21 
123,994.54 
10,062.86 


1921-1922 
$12,471.00 
74,354.67 
8,000.00 
4,841.89 
127,944.20 
11,927.26 


$242,846.11 


$239,539.02 $264,500.00 
$57,700.00 
10,000.00 
19,500.00 
7,000.00 
8,850.00 
27,500.00 
41,750.00 
6,000.00 
10,000.00 
76,200.00 


$61,425.33 
10,630.48 
1,004.98 
1,324.77 
8,614.79 
27,960.60 
23,209.19 
6,881.31 
10,379.17 
80,864.09 


$57,373.91 
10,995.29 
15,351.89 
5,454.66 
8,495.11 
29,019.24 
36,647.94 
5,924.56 
12,741.65 
77,384.24 


232,294.71 $259,388.49 


$264,500.00 


$10,551.40 
$19,849.47 








next, are shown in the last column of the accompanying 
table. The other columns indicate the experience during 
the last 3 fiscal years to date, except that the figures in 
the 1921-1922 column represent estimates for the portion 
of the present fiscal year that had not expired at the 
time the table was prepared. 


Internal-Combustion Engine Nomenclature 


HERE is no doubt of the logic and propriety of 
the adoption by the Society of the word “engine” 


to denote the internal-combustion unit of motor 


vehicles. The reason for the action is, of course, to avoid 
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confusion, the word “motor” being applicable to the elec- 
trical unit usually installed on passenger cars. Many en- 
gineers use habitually the word “motor” instead of 
“engine” in the sense under discussion. Some companies 
manufacturing engines use the word “motor” in their 
official name. “Electric motor” and not “electric engine” 
is, of course, the name for the electric unit; and the term 
“steam motor” is not used as applying to a prime-mover. 

“Engine trucks” and “engine vehicles” would be equally 
anomalous. There is, however, good reason for the terms 
“motor trucks” and “motor vehicles” on a basis of logic 
as well as of usage. The word “motor” in this connection 
can be taken to connote the fact that a moving vehicle 
is meant. 

The Society has conducted no special propaganda in 
the connection other than to use the word “engine” con- 
sistently in its publications to indicate the internal-com- 
bustion unit of motor vehicles. The Society has no police 
power in connection with its standards work, but on the 
other hand that work should be supported as faithfully 
as advisable and feasible. 


St. Lawrence Seaway Project 


HE report of the International Joint Commission 

that has conducted a long investigation of the St. 

Lawrence Seaway project contains the following 
statement: 

The Commission believes that while it is physically 
practicable to bring both railroads and terminals up to 
the point where they could handle the traffic of the 
United States without serious congestion the expense 
involved would be enormous, amounting, in the opinion 
of experienced railroad executives, to $2,000,000,000 
per annum over a series of years, ang it is perhaps 
questionable if in the end the relief afforded would be 
comparable to that promised by the creation of an all- 
water route from the interior of the continent to the 
Atlantic seaboard. 

Of the alternative routes suggested, the New York 
State Barge Canal, the projected Oswego ship canal, 
the Richelieu and Lake Champlain route, the proposed 
Georgian Bay canal, the Hudson Bay route, the Mis- 
sissippi route and the Pacific and Panama Canal route, 
the commission is convinced that none of them offers 
the advantages of the St. Lawrence route either as a 
means of relief for the acute transportation situation 
or as a channel for the carriage of ocean-borne com- 
modities. 


Support This Good Work 


™4 AVINGS in manufacturing costs estimated at $124 
per passenger car and $171 per motor truck are be- 
lieved to have resulted from the adoption of the 
standards and recommended practices developed by the 
Society of Automotive Engineers. This is a splendid 
showing. The standards work of this Society deserves 
every encouragement and support, even if for no other 
reason than the resulting lower costs of manufacture. 
But better cars have resulted from this work, too. The 
engineer has been able to pay more attention to funda- 
mentals, knowing that -much of the detail work can be 
eliminated through the use of the existing standards. 
Originality in design has not been submerged. Rather 
it has been fostered by allowing the engineer to give his 
whole attention to the more important problems of de- 
sign and development. 

Secretary of Commerce Herbert Hoover is authority 
for the statement that the automotive industry makes a 
greater use of existing standards, or simplified practices 
as he prefers to call them, than perhaps any other indus- 
try. This is fine, but we all know that even the present- 
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day standards are not so universally used as they might 
be.—Automobile Trade Journal. 


Detroit Aeronautic Congress 


T Detroit on Oct. 12 to 14 the Second Nationai 

Aeronautic Congress will be held, during the 

airplane races. It is announced that an unpar- 
alleled number of modern airplanes for a flying event 
will be shown, affording a rare opportunity to study pres- 
ent development.’ Many members of the Society will take 
part in the conduct of the Congress and the races, includ- 
ing representatives of the National Air Association and 
the Aero Club of America. 

The purpose is to organize an American association to 
advance the interests of aviation in the realm of busi- 
ness and from the standpoint of legislation. The attend- 
ance of all interested is urged. Railroad reduced-fare 
privileges have been obtained, as local ticket agents can 
explain. 

The principal races, the conduct of which has been 
endorsed by the Secretaries of the War and the Navy 
Departments, are scheduled to be run, in addition to the 
Curtiss Marine Flying Trophy Race, on Oct. 7, on the 
following dates: 

Oct. 12—Aviation Country Club of Detroit Trophy 
Race for Light Commercial Airplanes 
Detroit News Aerial-Mail Trophy Race for Large- 
Capacity Airplanes 


Oct. 13—Liberty-Engine Builders’ Trophy Race for 
Airplanes 
Oct. 14—Pulitzer Trophy Race 


Fuel Research 


HE fuel-research program, in which the Society is 
cooperating with the National Automobile Cham- 
ber of Commerce and the American Petroleum 

Institute, is making progress. Of the 10 firms that 
undertook independent tests of the four experimental 
fuels, five have already completed their tests and sent 
in their results. 

The results so far show that for the models tested there 
is surprisingly little difference in the mileage obtained 
even with fuels very much heavier than present-day com- 
mercial grade gasoline. However, the figures for crank- 
case dilution, while not as complete as those for fuel-con- 
sumption, show much more dilution with the heavier 
fuels, suggesting that crankcase dilution may be the 
“neck of the bottle” so far as fuel volatility is concerned. 

The tests at the Bureau of Standards, using the very 
ingenious recording apparatus shown at White Sulphur 
Springs by W. S. James, are now in full swing. There 
are at present seven engineers in Washington, loaned by 
various companies in the automotive and petroleum in- 
dustries, to assist in carrying out this test program, 
which it is expected will be completed within the next 
2 months. 


The Detroit Production Meeting 


HE forthcoming Production Meeting of the So- 
ciety in Detroit, Oct. 26 and 27, has met with gen- 
eral approval among production men. Severai 
prominent executives have commended the plan in recent 
interviews and have offered to contribute papers for the 
meeting program. The papers will be concerned with 
vexatious manufacturing problems, and methods to com- 
bat them, the attainment of greater precision in manu- 
facture and special production studies. These papers 


. (Concluded on p. 264) 
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Aluminum Pistons 


By FERDINAND JEHLE! AND FRANK JARDINE! 
Y 


Detroit SECTION PAPER 


tbe lightness and high thermal conductivity of 
aluminum pistons are conceded and the paper deals 
principally with their thermal properties, inclusive 
of the actual operating temperature of the pistons, the 
temperature distributions in the piston, the effects of 
the cooling-water temperature and the piston material 
on the piston temperature. The apparatus illus- 
trated and described, and charts are presented and 
commented upon in connection with a discussion of the 
results obtained. 

Theories affecting piston design are presented and 
discussed, reference being made to diagrams relating 
to design procedure. The work is supplementary to 
that done in 1921 by the authors, which they presented 
in a similar paper to which they refer. 


LUMINUM possesses two inherent advantages 
over all other metals that are used for piston 
materials, lightness and high thermal conduc- 
tivity. Engineers and the public in general realize the 
value of lightness in a piston, as is proved by the various 
thin gray-iron pistons now being manufactured, the 
weight of which approaches that of the aluminum pis- 


is 








Fic. 


1—APPARATUS EMPLOYED To MEASURE PISTON TEMPERATURES 


tons. The advantages gained by making the piston a 
good heat-conductor are not appreciated so thoroughly 
as the desirability of lightness, which again is demon- 
strated clearly by the numerous light iron-pistons. This 
paper deals principally with the thermal properties of the 
piston, such as the actual operating temperature of the 
piston, the temperature distribution in the piston, the 
effect of the cooling-water temperature on the piston 
temperature and the effect of the piston material on the 
piston temperature. We hope that it will be received as 
an additional chapter in the work of piston development. 





1M.S.A.E.—Engineer, Aluminum Manufactures, Inc., Cleveland. 
THE JOURNAL, May 1921, p. 


2 See 


397. 
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Illustrated with PHoroGRAPHs AND CHARTS 








Fic. 2—METHOD OF FASTENING THERMOCOUPLES IN PLACE IN THB 


PISTON 


In studying piston temperatures, the same set-up was 
used that is described in our previous paper on Alumi- 
num Pistons.’ Fig. 1 shows the apparatus. It consisted 
principally of a single-cylinder Liberty engine, a Sprague 
dynamometer and temperature-measuring equipment. 
The details of the temperature-measuring apparatus were 
illustrated in the previous paper and are not repeated here. 
The center head thermocouple was fastened by a slightly 
different method from that used in the previous work. 
In those experiments the head thermocouples were held 
in place either with a screw plug or a welded plug in- 
serted from the outside of the piston. In the present 
work the head thermocouple was inserted by drilling a 
small hole only slightly larger than the thermocouple 
wires into the head, from the inside, for a short distance. 
The welded end of the couple was inserted in this hole 





Fic. 


The Piston at the Left Was Made of Aluminum While Cast Iron 
Was Used for That at the Right 


3—-DETAILS OF THE Two PISTONS TESTED 
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150 1 7 T ] The power developed was between 12 and 13 b. hp. Care 
was taken to keep the fuel-consumption constant 

TOO +4 : : 
throughout the tests. Only readings obtained after en- 
650 Fr sail => es gine conditions were constant were used in the computa- 

tion of the results. 
00 O T a ——— The view at the left of Fig. 3 is a detailed drawing of 
sso. ma. ie Se: See | the aluminum piston used. Jt was 5 in. in diameter and 
al —— ae had a head 14-in. thick, with ample metal behind the 
—r — | rings. Without rings or pin it weighed 3 lb. Attention 
| | is called to the fact that this was not a regulation Lib- 
- + + + + + 
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Fic. 4 PISTON PLOTTE! 


TEMPERATURE 


and the surrounding metal was then peened over. Fig. 2 
shows the method of fastening. The thermocouple had 
to be clamped securely to the piston, since the peened 
joint possessed no mechanical strength. By using this 
fastener for head thermocouples rather than the previous 
ones, there was absolutely no chance for hot gases to leak 
past the thermocouples and thus give a temperature read- 
ing higher than the true temperature of the piston-head. 
A comparison of the present with the former results indi- 
cates that the new method of thermocouple fastening was 
an unnecessary precaution. The thermocouples in the pis- 
ton skirt were held in exactly the same manner as in the 
previous work, since there is no possibility of gas leaks 
at these points. During all of the tests reported in the 
present paper the engine speed was held at 800 r. p. m., 








with wide-open throttle and maximum spark-advance. 
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Fic. 5—COMPARISON OF TEMPERATURES OF THE CAST-IRON 


AND 


ALUMINUM PISTONS PLOTTED AGAINST 


TEMPERATURE 


THE COOLING-WATER 


erty-engine piston. 
EFFECT OF COOLING-WATER TEMPERATURE 

A rather thorough study was made of the effect of the 
cooling-water temperature on the piston temperature. 
In the previous paper enough work was done on this sub- 
ject to lead one to believe that the cooling-water tempera- 
ture had an important effect upon the piston tempera- 
ture. In the earlier work, piston-temperature readings 
were taken at only two temperatures of ingoing cooling- 
water; namely, 126 and 48 deg. fahr. In the present 
work, the highest temperature of ingoing cooling-water 
was approximately 160 deg. fahr., and measurements of 
piston temperatures were made at intervals of about 20 
deg. until an ingoing-cooling-water temperature of 70 
deg. fahr. was reached. The results obtained absolutely 
checked-up the indications of the previous work. The 
curves on Fig. 4 represent the temperatures of several 
points on the piston, plotted against the ingoing-cooling- 
water temperatures. The insert in the figure shows the 
points at which the temperature was measured. The tem- 
peratures of three points were determined; namely, in 
the center of the head, in the skirt immediately below 
the last ring and in the lower extremity of the skirt. The 
skirt temperatures were taken on the intake side of the 
piston. 

The temperature of the head is affected most by a 
change in the cooling-water temperature; that is, a given 
change in the cooling-water temperature brings about a 
change in the head temperature of a greater number of 
degrees than the same change in ingoing-cooling-water 
temperature produces in the piston skirt. However, the 
rate of change is of the same general magnitude. It will 
be noticed that the curves flatten out at the higher cool- 
ing-water temperatures, which indicates that the piston 
temperatures under these conditions are not so suscept- 
ible to a change in the cooling-water temperature as they 
are at lower cooling-water temperatures. This would 
lead one to believe that the piston-head temperature in 
an air-cooled engine might not be so very much higher 
than in a water-cooled engine utilizing high cooling-water 
temperatures. 

Comparing the different curves in Fig. 4, it is brought 
out clearly that there is an enormous drop between ther- 
mocouple No. 1, at the center of the piston-head, and 
thermocouple No. 3, immediately below the last ring. The 
drop from thermocouple No. 3 to thermocouple No. 4, 
that is, over the skirt, is not great. Unfortunately, 
thermocouple No. 2, immediately above the rings, was 
not operative. However, in the previous work the drop 
across the head was never 50 per cent of the drop across 
the rings and, since all of the measurements taken coin- 
cide so closely with the previous ones, it can be assumed 
safely that the greatest temperature-drop is across the 
rings. 

PISTON MATERIAL CONDUCTIVITY EFFECT 

In our previous paper a short series of tests was re- 
ported that showed the difference in the piston tempera- 
ture was due to a difference in metal thickness; that is, 





Vol. XI September, 1922 No. 3 
ALUMINUM PISTONS 227 


in the conductivity of the piston. Reference is made to 
some measurements of piston temperatures in a Diesel 
engine that were reported.” The pistons were made of 
cast iron and measured 400 mm. (15.75 in.) in diameter. 
Two pistons were tested, the difference between them 
being in head thickness. One had a head thickness of 52 
mm. (2.05 in.); the other had a thickness of 61 mm. 
(2.40 in.) Under the same conditions of load and the 
like, the thinner piston showed a head temperature of 
442 deg. cent. (829 deg. fahr.), while the thicker one 
showed a head temperature of only 402 deg. cent. (756 
deg. fahr.). Unmistakably, the thicker the piston-head 
and the walls are, the lower the head temperature will be. 
This can be taken to mean that the higher the conduc- 
tivity of the piston is, the lower the piston-head tempera- 
ture will be, regardless of whether this increase of con- 
ductivity is brought about by thickening the section or by 
using a material possessing better thermal properties. 

To prove definitely that cast-iron pistons operate at a 
higher head temperature than aluminum ones, we made 
some temperature measurements of a cast-iron piston 
running in the single-cylinder Liberty engine. The pis- 
ton was operated under the same conditions as the alumi- 
num piston while the results shown in Fig. 4 were being 
obtained. The drawing at the right of Fig. 3 gives de- 
tails of the cast-iron piston, which is of somewhat lighter 
construction than the aluminum piston and has two ribs. 
These pistons represent about the usual relation between 
the cast-iron piston and the aluminum one that is used 
to replace it. The former weighed 5.9 lb. and the alumi- 
num piston only 3 lb. Temperature measurements of 
this piston were made at different ingoing-cooling-water 
temperatures similar to those made on the aluminum 
piston. Fig. 5 is a chart that shows the difference be- 
tween the cast-iron-piston temperatures and the alumi- 
num-piston temperatures; they are just about what was 
expected. 

The head temperature of the cast-iron piston is more 
than 200 deg. higher than that of the aluminum piston 
operating under the same conditions. For example, com- 
paring the temperature of the two pistons when the 
ingoing-cooling-water temperature is 160 deg. fahr., we 
find that the head of the aluminum piston reaches a tem- 
perature of 660 deg. fahr. under these conditions, while 
the cast-iron piston-head registers 880 deg. fahr. When 
the ingoing-cooling-water temperature is reduced to 75 
deg. fahr., we find the temperature of the aluminum 
piston-head is 420 deg. fahr., while that of the cast-iron 
piston reaches 660 deg. fahr. In other words, the cast- 
iron piston-head was as hot when the ingoing-cooling- 
water temperature was 75 deg. fahr. as the aluminum 
piston was at an ingoing-cooling-water temperature of 
160 deg. fahr. A high piston-head temperature brings 
about certain well-known bad results such as carboniza- 
tion above and below the piston head and preignition, 
which may necessitate lowering the compression. The 
point might be raised that, since the cast-iron piston is 
as hot with the cooling water at 75 deg. fahr. as the alu- 
minum piston is when the cooling water is at 160 deg. 
fahr., an engine equipped with cast-iron pistons would 
operate better on a cold day than one equipped with alu- 
minum pistons. Experience indicates that this is not the 
case. As A. L. Nelson points out in his paper on the Fuel 
Problem in Relation to Engineering Viewpoint,’ a hot 
cast-iron piston-head does not assist vaporization more 
than an aluminum piston-head because the heat content 


>See Ze itschrift des Vereines Deutscher Inge nieure, Aug. 27, 
p. 923 
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1921, 


‘See THE JOURNAL, February 1921, p. 
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IN THIS 


PISTON THE MBCHANICAL 
HEAD Is TAKEN CARE OF BY 


EXPANSION DUE TO THB 
RELIEVING THE SIDES 


of the two is about equal and the heat flow from the lat- 
ter is much greater. 

The temperature distribution in the cast-iron piston is 
somewhat similar to that which is obtained in the alumi- 
num piston, except that it is exaggerated. The drop 
across the rings in the cast-iron piston is much greater; 
in fact, it is greater by something over 200 deg. fahr. 
than it is in the aluminum piston. The actual skirt- 
temperature is somewhat lower in the cast-iron piston. 
This can be accounted for by the fact that the thermal 
conductivity of cast-iron is much less than that of alu- 
minum. Only one temperature-measurement was made 
cn thermocouple No. 4; that is, at the bottom of the skirt. 
This great difference of temperature between the heads 
of cast-iron and aluminum pistons suggests that possibly 
the field for aluminum pistons is not limited to the 
high-speed passenger-car engine. The aviation engine is 
not generally considered a high-speed engine, yet alumi- 
num pistons are used in the great majority of such en- 
gines. It can be stated that in aviation-engine practice 
the aluminum piston has not been used primarily for its 
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lightness, but because of its excellent thermal properties. 
The motor-truck engine is not a high-speed engine; but 
it is a heavy-duty engine; and so is the tractor engine. 
As a rule such engines are equipped with cast-iron pis- 
tons of fairly heavy section. The heating conditions in 
a truck and in a tractor engine are far more difficult to 
handle than in the passenger-car engine which runs at a 
higher speed. Much could be gained in the performance 
of slow-speed heavy-duty engines by the use of aluminum 
pistons. The cooler piston-head would permit higher 
compressions without a doubt, and would reduce carbon 
deposit and all its attendant evils. Incidentally, it would 
eliminate much vibration and many evils that accompany 
vibration, such as the loosening of joints. A reduction 
of bearing pressures would be assured also, and this is 
very desirable. 


THEORIES AFFECTING PISTON DESIGN 


The general theory upon which the separation of the 
piston-head from the skirt is based is given in detail in 
our previous paper. It is that the expansion of a piston 
skirt is due to two things; (a) the thermal expansion 
due to the temperature of the skirt and (b) the mechan- 
ical distortion of the skirt caused by the thermal expan- 
sion of the head. 

To minimize the effect of the expansion of the head 
upon the skirt, circumferential slots separate the thrust 
faces from the head. This permits the head to expand 
free from the separated portions of the skirt. The sides 
of the skirt attached to the head are relieved to make 
the expansion in that direction harmless. The slotting 
of pistons in one way or another is not new, although 
the application to the aluminum piston, in conjunction 
with other things, is of more recent date. It has been 
found that a piston equipped with circumferential slots, 
as shown in Fig. 6, has a harder bearing along the edge 
of the bearing surface than along the center of the thrust 
face. This difficulty can be remedied. 

Fig. 7 illustrates a piston that has circumferential slots 
separating the head from the skirt for a certain portion of 
its circumference. The view on the left-hand side is a sec- 
tion on A A of such a piston, which was machined to a true 
circle when cold. When the piston is heated during its op- 
eration in an engine, the effect of head expansion along the 
center-line B B of the slotted portion of the skirt is al- 
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most negligible; in fact, it may be negative. The expan- 
sion of that portion of the skirt connected to the head is 
exactly the same as in a piston without any slots. There- 
fore, while the piston is in operation, the portion of the 
skirt that is slotted away from the head is no longer a 
true circle having its center at the center of the piston. 
The radius O C to the edge of the slot has increased in 
length more than the radius O B to the center of the 
slotted area. The two thrust faces are, therefore, some- 
what oval in shape and the piston will show a heavy bear- 
ing or score-marks along the edges at C. The dotted 
lines show the shape of the piston when it is in operation. 

It is easy to give the piston skirt such a shape when 
cold that it will have the proper shape when heated during 
operation in an engine. In Fig. 7 it has been assumed 
that the proper shape of the heated piston is a circle 
concentric with the center of the piston. The right-hand 
view of the section on AA in Fig. 7 illustrates a piston 
machined oval for the entire length of the skirt to such 
a degree that it will expand into a true circle in opera- 
tion. Again the dotted line shows the shape of the piston 
skirt in operation. 

There are, of course, several forces at work controlling 
the expansion of a piston skirt and, even if the tempera- 
tures of the skirt and of the cylinder were known, it 
would be a very complicated problem to calculate the 
exact amount of clearance for the different portions of 
the skirt. These clearances must be determined experi- 
mentally. It is reasonable to expect that the point C 
in Fig. 7 on the bearing surface of the piston at the edge 
of the circumferential slots should have the same clear- 
ance as the ordinary trunk-piston, and this actually has 
worked out in practice. A very much smaller clearance 
can be used on the center of the bearing surface. The 
amount necessary has also been worked out experiment- 
ally. Fig. 8 shows two curves; the upper curve gives the 
clearance to be used at the edge of the slot as at C in 
Fig. 7, and the lower one gives the clearance for the 
center of the thrust face as at B in Fig. 7. While the 
curves in Fig. 8 are based upon experiments, the exact 
clearances necessary depend upon the type of engine and 
may, of course, vary somewhat. 

It must be borne in mind that the edge of the bearing 
surface may not coincide with the edge of the slot as in 
Fig. 6. In this case the bearing surface is given the 
proper shape by drawing an arc between the point B and 
the imaginary point C in Fig. 7, proper clearances, as in 
Fig. 8, having been allowed at both points. The machin- 
ing of such pistons need present no difficulties, since they 
can be ground easily by using a master cam. 


THE DISCUSSION 


A. A. BULL:—Perhaps the fundamental facts regard- 
ing slotted pistons are best represented by a statement 
that Mr. Baker made in presenting J. E. Diamond’s 
paper, that of making the piston of such a construction 
that it will yield instead of sticking, which is a direct 
indication that it must expand. It is most undesirable 
that a piston should stick, but we must recognize also 
that, before it sticks, the pressure existing between the 
piston and the cylinder-wall must necessarily induce ex- 
cessive friction. This is indicated best by installing some 
of the so-called non-expanding pistons in an engine run- 
ning at say 2400 r.p.m. with the throttle set, noting how 
rapidly the engine speed begins to lag and then calculat- 
ing the energy that is absorbed or wasted by the friction 
that is set up. 

In the piston design illustrated in the Jehle and Jar- 
dine paper, having two circumferential slots below the 
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lower facing, the purpose was to create a differential ex- 
pansion in the piston to the extent that at least one diam- 
eter would remain constant. That truly can be called a 
constant-clearance piston. The service in some 5000 cars, 
extending over a period of 3 years, has indicated the 
absolute success of that type of piston and the fact that 
it can be fitted satisfactorily to a clearance as low as 
0.001 in. in a cylinder 31% in. in diameter. 

J. E. Diamond made reference to the wear on the alu- 
minum piston caused by dust and described a test that 
had shown a very small amount of dust accumulating 
over a distance of 3000 miles. That is very probable but, 
unfortunately, we do not know the conditions under 
which the car was run. On the other hand, the car might 
have been run under conditions that probably would have 
accumulated 100 times as much dust in 3000 miles. 

Our methods of measuring temperatures in aluminum 
and cast-iron have been somewhat different, perhaps, 
than those that have been illustrated and explained. Our 
method gives figures that agree closely with those given 
by Mr. Jardine. We first attempted to find what the 
average temperature of the piston-head was under actual 
operating conditions. This was accomplished by insert- 
ing a wire of a known coefficient of expansion through a 
piston-head. The wire was of a definite length when in- 
stalled, and just long enough so that it would extend 
and rub on the cylinder-walls and become short to an ex- 
tent such that measurement made upon it would indicate 
the average temperature. Simulating those conditions in 
a stationary set-up, with a flame-temperature on the head 
to give the same average head-temperature, thermo- 
couples were installed in various parts of the piston to 
obtain the so-called heat-dissipation curve, and to ascer- 
tain also the effects of the cylinder temperature on the 
temperature of the various parts of the piston. 

Concerning piston-rings, it was a common belief not 
very long ago that aluminum pistons were notorious oil- 
pumpers just because they were aluminum pistons; but, 
to consider the essentials, it is believed that so long as 
we have a material in the piston that has a higher co- 
efficient of expansion, we necessarily must create between 
the ring and the piston groove a clearance under oper- 
ating conditions which is greater than that which is ob- 
tained when the ring and the piston are fitted cold. That, 
in itself, is unquestionably the sole reason for any differ- 
ence between cast-iron and aluminum pistons, so far as 
oil-pumping propensities are concerned. That brings us 
to the desirability of having a ring such as C. R. Manes 
has outlined, that will at least seal the piston-ring against 
one side of the groove so that it can adapt itself. When 
that is done, the question of lubrication and groove wear 
will have been eliminated. 

Another factor that has not been given particular at- 
tention in this discussion of pistons is in regard to what 
the cylinder shape is under actual operating conditions. 
Fortunately, we have been able to determine what it is to 
some extent; it depends largely upon construction, and 
it has been demonstrated clearly that the problem of 
pistons and. piston-rings is simplified greatly with a 
cylinder constructed so as at least to maintain its shape 
under operating conditions. 

Another common belief is that the effect of vacuum in 
the cylinders is to increase the oil-pumping conditions. 
In observations of oil-pumping and of determining the 
best rings to use by running the engine without any 
cylinder-head and therefore having no vacuum to con- 
tend with, we find that the amount of oil that can be 
pumped up by the piston under those conditions is 
infinitely greater than it could ever be under actual oper- 
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ating conditions. Have we not been too prone to believe 
that we must depend entirely on pistons and rings to 
effect a cure for oil-pumping? Have we given full con- 
sideration to the conditions that surround the bearings 
or the amount of oil in the cylinder? I think not. 

A. E. DAMON :—We find that the circumferential slot 
around the head of the slotted piston is not there to check 
or retard the flow of heat down from the head of the 
piston to the skirt alone; it acts as a scavenger as well 
as a resistance to the heat flowing down to the skirt. We 
find also that, by adding a series of fins to the inside of 
the piston head which carries the boss, they conduct the 
heat very readily to the side-walls and the skirt, leaving 
the head, in the case of some of the air-cooled engines, 
practically cool; at least, so cool that we have been able 
to increase the compression and eliminate all spark-knock 
and preignition, this being indicative of no heat worth 
mentioning. 

In regard to the slots being used to relieve the expan- 
sive effort of the piston against the side-walls of the 
cylinder, we are granting that the slot does that to a 
certain degree, no doubt; but, in the new type of E. C. 
Long piston of which I speak, the circumference of the 
skirt is actually smaller under heated conditions than it 
is when the piston is cold, practically relieving any ten- 
sion whatever or any wall-pressure on the skirt or on 
the piston, other than enough to cause the cylinder-wall 
to act as a guide to the piston. There practically is no 
friction on the side-wall of the cylinder due to the piston 
skirt other than what we all know is a rolling friction 
of lubricating oil, which is the lightest friction it is pos- 
sible to have. 

F. JEHLE:—lIt is true that there is a difference in the 
side-clearance between the ring and the groove, when the 
piston is cold and when it is hot. It is true also that this 
difference is greater with the aluminum piston than with 
the cast-iron piston. Therefore, if the width of the ring 
were reduced one-half, we would have a condition that 
more nearly approached the condition with the cast-iron 
piston. That is why I believe a narrow ring is a good 
thing. 

DANIEL ROESCH :—Why limit the one-half-width ring 
to the aluminum piston? 

Mr. JEHLE:—I think a narrow ring in a cast-iron 
piston would be better than a wide one; this, however, 
for reasons other than to reduce the difference between 
cold and hot side-clearance. 

Concerning heat throttling, while the slot separating 
the head from the skirt may throttle some heat, that is not 
the reason the slot is put there. Judging from the tem- 
perature measurements that were made on the piston 
without slots, there is not any great amount of heat that 
could be throttled off from the skirt; that is, most of it is 
thrown out by the ring section. The slot is put in 
primarily to give the head freedom to expand without 
distorting the skirt. If the small amount of heat 
throttling causes any difficulties, it is very easy to add a 
small amount of metal on the side where there is no slot, 
and thus compensate for the increase of thermal resist- 
ance caused by the slot. 

I have never found any great difference between piston 
operation as regards heat, whether the piston had ribs 
and fins or not. Prof. F. C. Lea, who did much experi- 
mental work on pistons in England during the war, found 
that a multiplicity of ribs in the head of a piston merely 
adds to the difficulty of manufacturing it. He obtained 
results with numerous ribs that were no better than those 
obtained with some reasonable number, such as one or 
two ribs, according to his paper on Aluminum Alloys for 
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Aeroplane Engines, read before the Royal Aeronautical 
Society. 

T. J. LiTLe, Jr.:—I should like to ask Mr. Manes how 
he determines whether a so-called pressure-proof ring is 
better than a plain ring. I take it that he refers to the 
use of these special rings, in many cases to replace the 
badly worn plain ring, and in such a case undoubtedly 
such a ring would be found to give improved results. I 
have made a very close study of various types of piston- 
ring, and am not very enthusiastic over many of the so- 
called pressure-proof rings. Many of them are con- 
structed with tapering wedge-shaped sections that are 
very small in dimensions and extremely delicate and diffi- 
cult to install. I have found that many such rings break 
during tests and have also had considerable breakage re- 
ported from service-stations. 

I have noted other types of ring with three sections 
that were supposed to expand, not only diametrically but 
also to increase their total section to fill the ring-groove 
to compensate for wear. There may be rings of this 
type that function properly, but some of them at least 
fail to do so, and show very uneven bearing surface 
against the cylinder-wall. 

The point I wish to make is that it is possible to pro- 
duce a plain one-piece ring with very smooth bearing 
surface, preferably ground, carefully fitting them in the 
piston grooves. I prefer to use narrow rings on account 
of their lighter weight and their lessened tendency to 
hammer the piston groove and widen it. It is rather 
difficult to make an accurate determination of the relative 
values of these different types of ring even in the labor- 
atory, unless rather elaborate preparations are made 
beforehand. One method that I have used very success- 
fully consists of the following equipment: 

A 100-gal. tank, filled with water, is placed alongside 
the engine being tested. A tube running from the top 
of the tank communicates with the crankcase. The 
breather of the crankcase is closed tightly, the engine is 
started and the water is allowed to run out of the tank 
just fast enough to indicate the absence of any pressure 
in the crankcase. In other words, all of the gas that 
flows by the piston and enters the crankcase is displaced 
into the tank as rapidly as it is formed, by allowing the 
water to run out of the tank as explained. By noting the 
time required to fill the tank with vapor and running 
similar tests with different types of piston-ring, a very 
good idea is obtained as to the relative efficiency. I have 
used this equipment to study piston design, as well as to 
compare different types of lubricating oil, and, while my 
experience has related mostly to the development of 
eight-cylinder engines, I believe that the above testing 
procedure would be just as useful in testing any type of 
engine. 

In connection with the piston-rings used with the 
aluminum-alloy pistons, I have obtained the best results 
with narrow rings of deep section that fit the grooves in 
the piston closely and have 0.0005 to 0.0010-in. clear- 
ance. I prefer the narrow ring because there is a de- 
cided tendency in such a piston for a wide or heavy ring 
to peen and widen the groove at each end of the piston 
stroke. This action is more pronounced with loosely 
fitted than with tightly fitted rings. One manufacturer 
has gone to the extreme in this direction, and is using 
rings 3/32 in. wide. 

One reason that excessive ring-wear is noted in certain 
engines is the rough cylinder-walls produced in some of 
the heavy-production shops. We believe that a cylinder 
surface should not only be ground with great accuracy, 


but be finished to absolute smoothness. This we accom- 
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plish by using very fine finishing-wheels with wide faces, 
and taking plenty of time for the operation. Each 
cylinder-bore is ground five times. The final operations 
are little more than polishing operations. It requires 
nearly 1 hr. to finish a cylinder block in this manner, 
but the results are well worth while. I repeat, therefore, 
that one of the reasons that piston-rings are short-lived 
is that they are used as laps to smooth-up the rough bores 
of some of our modern automobile engines. 

C. R. MANES:—There is nothing wrong with the one- 
piece ring as long as it lasts. With a perfect groove and 
perfectly fitted rings no claims of efficiency for the 
multiple-piece ring over the plain ring can very well be 
established. The trouble is that the accuracy required to 
produce perfect grooves and fit rings perfectly to them 
is very difficult to obtain on any modern production job. 
Replying to Mr. Litle’s query as to how I determine that 
a so-called pressure-proof ring is better than a plain 
ring, I will say that if a man comes to me with an engine 
using from 5 to 10 times the oil it ought to use and I 
cure that engine permanently within a short time and 
at small expense by using pressure-proof rings, I surely 
have produced good results. If I can reduce his oil con- 
sumption one-half, one-third, or even one-twentieth, I 
have gotten results. We do not always get perfect re- 
sults, because there are many types of engine and differ- 
ent conditions to be met, but in 95 per cent of the cases 
we know we get more than sufficient improvement in the 
operation of the engine to justify the expense to the 
owner. We do this with worn ring-grooves after the 
plain ring has ceased to function properly and the cylin- 
der-walls are in many instances badly worn. In more 
cases than not we give that worn-out job a longer period 
of more perfect operation than it had before we put in 
pressure-proof rings. 

Mr. Litle cannot have made a study of pressure-proof 
rings. They are not difficult to install, they require no 
fitting, they do not break in use and service-stations do 
not report excess breakage, although breakage of plain 
rings both in installation and in use is common. It is 
possible to produce a plain one-piece ring with a smooth 
bearing surface and to fit it to the piston grooves care- 
fully, provided the groove is not machined oversize, but 
this is a difficult operation in production jobs and one 
not likely to be obtained. After you have accomplished 
this difficult task to secure perfect operation, how long 
does this state of perfection last? It can be stated 
truthfully that with each mile the engine runs there is 
less perfection, while with a pressure-proof ring exactly 
the reverse is the result, as the ring will improve with 
use instead of deteriorate. 

A MEMBER:—lIt seems to me that the best argument 
for the ring of narrow width has been missed. The thing 
that causes the groove to wear more than anything else 
is the force of the ring bearing against the groove at 
high speeds, due to the inertia of the ring, or 
against the side-walls; generally, the two 
gether, causing the ring to slap from one side of the 
groove to the other. With a narrow ring, these forces 
are reduced very much more in proportion to the area 
of contact of the ring on the side grooves. From those 
considerations, the pressure caused on the side of the 
groove, due to the slapping of the ring in it, would be 
very much reduced per square inch; hence, the wear of 
the groove would be lessened to a very considerable ex- 
tent. I believe also that the pumping of oil is a matter 
of inertia. Mr. Bull stated that an engine pumped more 
oil when the cylinder-head was removed than with the 
cylinder-head in place. The thing that is not taken into 
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consideration is that the pressure of the gases on top of 
the piston-head and their attempt to seep past the ring 
during at least two strokes of the cycle reduces that oil- 
pumping considerably. When the cylinder-head is re- 
moved, there is no pressure on top of the piston; hence, 
the oil-pumping goes on at every stroke, instead of at 
every other stroke. I believe that accounts for this part 
of the difficulty. The result of our experience has been 
that we get better results from four narrow rings than 
we do from three wide ones. They stay in the groove 
longer and last very much longer in the engine. I be- 
lieve that the matter of workmanship on the ring has 
more to do with its operation than does the particular 
design. If the ring fits the groove properly at the start, 
there cannot be a hammer-blow on it because it has no 
space to move in until it begins to cut one. 

Mr. MANES :—The one-piece ring cannot be fitted very 
tight in the groove. It must have reciprocating space 
when the piston is cold, and that allows the clearance in 
the groove to increase more rapidly than if the ring were 
fitted closely. It is true that if the ring is fitted care- 
fully, has deep enough grooves and a good wearing sur- 
face, it will wear a long time. In former days we had 
no trouble until an engine was 5 or 6 years old; but we 
had hand-fitted rings at that time. We had no 1-in. 
groove in a 314-in. piston. We used a deep groove and 
the results told; but, with the present method of quantity 
production and the careless way in which the rings are 
installed in the piston, we certainly get rapid groove- 
wear and we pay for it by buying oil for our engines. 
We make the grooves apparently at random today, in 
most pistons, and that is where the trouble lies. 

Mr. DAMON:—Under some conditions, we use two- 
piece rings of the pressure-proof type and under other 
conditions, with the water-cooled engine, for instance, 
we use the 14-in. ring. We find we can get good results 
from both; but, in the majority of cases, we find that 
the two-piece ring will last longer and give more eco- 
nomical service for a greater length of time than a ring 
that is not ground to fit the groove. The practice we 
maintain is to equip every piston that is sent out with 
rings ground to fit the groove. We have yet to find a 
single-piece ring that we do not need to buy oversize and 
grind down to fit the grooves, on account of the warping 
that Mr. Bull mentioned. 

J. E. DIAMOND:—Mr. Bull speaks of the friction set 
up by what are erroneously termed slotted pistons. In 


BRITISH PRIZES FOR 


_ Royal Aeronautical Society announces two prizes for 
papers on aeronautics. One of these amounting to 25 
guineas (approximately $110 at the current rate of ex- 
change) will be awarded annually for the best technical 
paper on aeronautics, preference being given to those deal- 
ing with an airship subject. The money for this prize will 
come from the society’s R-38 Memorial Research Fund. The 
interest of the Usborne Memorial Fund will be devoted to the 
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the partial circumferential separation of the head and 
the skirt resides the real merit of any and all of these 
newer types of aluminum pistons. As a matter of fact, 
in at least the case of one type of free-skirt piston the 
theory of differential expansion mentioned by Mr. Bull 
and featured in the elliptically machined piston was 
utilized a year in advance of even the conception of the 
latter. In this particular case, however, in addition to 
whatever benefit that might be derived from this differ- 
ential expansion, was the suitable provision of circum- 
ferential skirt-expansion with mechanical construction 
that must be accepted. Mr. Bull’s experience has been 
happy in comparison with others who have had an 
intimate association with the so-called constant-clearance 
type, which designation is a misnomer because the clear- 
ance is not constant. 

I have been doing considerable work with one company 
employing this type, a company turning out very accu- 
rate work. Invariably, after every block test it is neces- 
sary to touch up each individual piston in varying de- 
grees, and in many cases this operation is necessitated 
after a second or third test. In no two cases do the 
pistons show up the same. This surely is not particularly 
commercial. Furthermore, these pistons show excessive 
wear in service, and replacement is necessary almost in- 
variably between 10,000 and 15,000 miles, which is much 
too frequent. A piston of the type advocated by Mr. Bull 
certainly does not have universal application as far as 
we have gone with it. 

In connection with the determination of temperature, 
it was my intention merely to indicate the attempts that 
were made in the early days. Anent Mr. Jehle’s remarks, 
it is the piston-ring that turns the trick with reference 
to the dissipation of heat. I am familiar with a series 
of experiments with a ring of unusual construction show- 
ing indisputably how important the bearing ring is in 
the matter of absorbing the heat from the piston-head 
and transferring it to the cylinder-wall. Circumferential 
slot or slots have very little or nothing to do with the 
matter of heat interference. 

I am sorry that I apparently did not make clear the 
reasons for my advocacy of the narrow ring, since one 
of the speakers suggests that the best argument for its 
use has been missed. I agree entirely with him and 
regret I did not express myself clearly on the point. I 
also agree with his remarks on the subject of oil- 
pumping. 


AERONAUTIC PAPERS 


award of a prize in every alternate year unless the amount 
be such as to permit an annual prize to the value of £10 
(approximately $44 at current rate of exchange) for a his- 
torical paper on any aspect of aeronautics. Both of these 
prizes are open to international competition. Details regard- 
ing the conditions of these competitions can undoubtedly be 
secured upon application to W. Lockwood Marsh, secretary 
of the Royal Aeronautical Society, London, England. 


A MODERN PARISIAN GARAGE 


PUBLIC garage that embodies a noteworthy innovation 
in the arrangements made for accommodating cars on 
the upper floors has recently been completed in Paris. On the 
ground floor, cars can be driven in or out without maneuver- 
ing and are parked ‘obliquely along the sides of the building 
in loose boxes which can be locked. 

An electric elevator is used to take cars to the upper floor 
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and to avoid maneuvering of cars to get on this elevator, a 
turntable is used. On arriving at the upper floor the car is 
driven off the elevator onto a sliding platform that is placed 
opposite the elevator and is carried to its own parking space. 
All these operations can be performed so quickly that as 
many as 150 vehicles can be moved in an hour and congestion 
at rush hours can be avoided.—Omnia. 








Vol. XI 


September, 1922 


No. 3 





Discussion of Papers at the Semi-Annual 
Meeting 


RITTEN discussions contributed in some _ in- 
stances by members who could not be present 
at the Semi-Annual Meeting and in others by 
those who were unable on account of the fullness of the 
program to participate in the discussion, supplement the 
remarks made at White Sulphur Springs. Efforts have 
been made in every case to have the authors of the vari- 
ous papers reply to the discussion, both oral and written, 
and these comments where received are included in the 
discussions. For the convenience of the members a brief 
abstract of each paper precedes the discussion with a ref- 
erence to the issue of THE JOURNAL in which the paper 
appeared, so that those who desire to refer to the com- 
plete text as originally printed and the illustrations that 
appeared in connection therewith can do so with a mini- 
mum amount of effort. 
The discussion of Principles of Motorbus Design and 
Operation, by G. A. Green, was printed in the August 
issue of THE JOURNAL, the paper itself having appeared 


in July, and the discussion of Fundamental Characteris- 
tics of Present-Day Buses, by R. E. Plimpton, was also 
published in the August issue together with the paper 
itself. In addition to the discussion given below, that of 
the Progress of the Research Department, by Dr. H. C. 
Dickinson, is printed elsewhere in this issue of THE 
JOURNAL together with the paper. The discussion follow- 
ing the presentation of the paper by F. C. Mock and 
M. E. Chandler, which was printed in the July issue, was 
not received in time for inclusion in this issue of THE 
JOURNAL. The papers by C. T. Coleman entitled Fuel 
Volatility and Its Effect on Motor-Vehicle Performance 
and by W. S. James describing the apparatus for measur- 
ing the road performance of engines have not been re- 
ceived as yet, both of these papers having been presented 
in abstract form only at the Summer Meeting. The dis- 
cussion following these two papers will, it is expected, 
appear in an early issue of THE JOURNAL together with 
the papers. 


OIL CONSUMPTION 


BY A. A. BULL 


HE object of the paper is to consider some of the 
fundamental factors that affect oil consumption; 
it does not dwell upon the differences between lubri- 
cating systems. Beyond the fact that different oils 
apparently affect the oil consumption and that there is 
a definite relation between viscosity and oil consump- 
tion, the effect of the physical characteristics, or the 
quality of the oil, does not receive particular attention 
in the paper. 
The methods of testing are described and the subject 
is divided into (a) the controlling influence of the pis- 
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tons, rings and cylinders; (b) the controlling influence 


of the source from which the oil is delivered to the 
cylinder wall. The subject is treated under headings 
that include the piston-ring; the effects of oil-return 


holes, side-clearance and ring motion; thin rings; 
fluence of piston fit; efficiency of the scraper ring; ring 
and cylinder contact; carbonization and spark-plug 
fouling; oil-supply control; influence of oil viscosity; 
effects of dilution; external oil-leaks and breather dis- 
charge, and influence of controlling lubrication in pro- 
portion to throttle opening. [See June issue.] 
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MPING 


BY GEORGE A. ROUND 


IL-PUMPING is defined and its results are men- 
tioned. The influence of varous operating condi- 
tions is brought out, particular reference being made 
to passenger-car service. The factors that control the 
rate of oil consumption are described in detail and some 
unusual conditions are reported. Various features of 
piston grooving and. piston-ring design are mentioned 
and the effect of changes illustrated. The relative ad- 
vantages of the splash and the force-feed systems as 
affecting the development of oil-pumping troubles are 
set forth and improvements suggested. A new device 
for reducing oil-pumping dilution troubles is described 
and illustrated. [See June issue.] 
THE DISCUSSION 
F. F. KISHLINE:—Were the tests of the device illus- 
trated in Fig. 4 of Mr. Round’s paper made on a dyna- 
mometer with the engine running near its maximum 
capacity, or were they made on the road? I have in 
mind particularly the heat available for cooking the fuel. 
This might be very low when the engine is running at a 
low capacity, at which time it has been my experience 
that the greatest amount of oil-pumping takes place. 
G. A. RouUND:—A majority of the tests were made on 
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the road. A number of samples were sent to us from 
tractors operating in the field on kerosene. 

A. L. CLAYDEN:— Has Mr. Round made any 
with the type of piston that is now being produced in 
large quantities by the Aluminum Manufactures, Inc., in 
which the ends of the wristpin have considerable clear- 
ance and there are two large slots instead of the usual 
row of holes? Of course, that is not applicable to the 
suction device; but it is a type of piston that is used 
extensively now. Has Mr. Round any figures as to how 
that compares with the more conventional type? 

Mr. RouND:—Since the paper was prepared we have 
received several reports of excessive oil consumption with 
that type of piston. We believed at the time and still feel 
that this type of piston will help materially, but where 
the amount of oil that is going to the cylinders is exces- 
sive, we believe that this type of piston will not eliminate 
oil-pumping. This should be controlled by reducing the 
oil supply. 

H. M. CRANE:—This paper has brought out a point 
on the question of oil consumption that I do not agree 
with at all. It states practically that we have to throw 
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very little oil upon the cylinder-walls or take the conse- 
quences. I do not think that is the case. 

When we first used pressure lubrication, the thought 
occurred te me that is brought out here, that is, what will 
happen after the car has been in use for some time and 
wear and tear has taken place in the bearings? The an- 
swer to that seemed to be to flood the bearings and give 
the oil a free exit. That was done by providing a cir- 
cumferential groove in the bearing lining, not in the 
crankshaft, that allowed a free exit from the oil-hole at 
all times, and by using %-in. shims that did not come 
anywhere near touching the bearing; in other words, 
when the engine was stationary in any position, oil could 
be pumped through the bearing at a rate depending al- 
most entirely upon the oil-hole in the crankpin. It is 
evident that the amount of oil would be very large, espe- 
cially as the crankshaft is a very useful oil-pump; in 
fact, it is the main oil-pump in most pressure-feed sys- 
tems, due to centrifugal action, the regular pump being 
used to keep the crankshaft filled with oil. 

Different cars that we have built, depending upon the 
bore of the cylinder, stroke-ratio, crankshafts and bear- 
ings, have a pressure on the crankshafts of 2.5 to 25.0 lb. 
per sq. in. The lubrication is usually adjusted after the 
completion of the engine by determining the proper 
pressure to accomplish the required result. Under these 
conditions cars have been able to run under the same oil 
pressure in New York City at high speed, in European 
touring, and in the Alps, with no adjustment for throt- 
tling or for varying load. The reason is that the crank- 
shaft, being a centrifugal pump, gives more pressure at 
high speeds than the direct ratio of power to speed. 

With this system the use of return-grooves with holes 
under the upper rings seemed to be useless, it being diffi- 
cult to determine any change that was due to the use of 
such grooves and holes. Sometimes it seemed that more 
oil went outward through the grooves and holes in the 
piston than went the other way. 

The fundamental thing in the trunk piston is the cross- 
head. In our experience the length of the crosshead re- 
mains approximately the same as the diameter of the 
piston; with a piston-pin in the center of the crosshead 
and the walls of the crosshead parallel, we get excellent 
results. In passenger-car work the use of cast-iron 
pistons having a clearance of 0.0010 in. per in. of diam- 
eter or possibly a little more, gives satisfactory results; 
for full power at high speeds, up to 0.0015 in. per in. of 
diameter may be necessary. 

Two additions must be made to the crosshead. 
first is a set of rings at the top, usually three. 
flange is cut away until it will not bear. The second is a 
ring at the bottom. A land below this ring holds it in 
place, but it is cut away to such a point that a perfectly 
free release is left for oil. The cylinder-bore is designed 
so that in the downward position of the piston the lower 
ring overruns the bore slightly. This ring pushes the oil 
down. In a good set of rings the top ring will help to 
push the liquid fuel up. 

Another thing about this type of piston that was wholly 
unsuspected and accidental is that an oil-film is trapped 
between the two sets of rings that seems to allow ex- 
treme piston clearances, with no piston slap. In aviation 
practice the pistons appear black after long periods of 
running, indicating no metal-to-metal contact. 

A tapered piston, or one that is too short, does not give 
a ring a fair chance to do its work. With this type of 
piston, however, the simplest form of concentric ring of 
moderate width performs every desirable function, as 
soon as the ring approaches a bearing on the walls. 
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Fic. 1—PIstON EQUIPPED WITH THREE COMPRESSION RINGS AND AN 


O1L RING 


Some time ago I installed in a car a set of 434 x 6% in. 
aluminum pistons. These pistons were of the general 
form already described and had a diametral clearance 
from 0.008 to 0.001 in. We were able to run with 50-per 
cent higher oil pressure with this clearance than previ- 
ously when not using the lowest piston-ring. After 
running about 40,000 miles, although the performance of 
the car on the road was entirely satisfactory, the oil con- 
sumption very low, the formation of carbon in the cylin- 
ders moderate, and the porcelain of the spark-plugs white, 
we pulled the engine down and measured the cylinders. 
They were worn to the extent of 0.009 in. in some cases, 
tapering from the bottom to the top, yet, so far as oper- 
ation on the road was concerned, they appeared to be 
satisfactory. The aluminum pistons were replaced by 
cast-iron pistons of the same design and, barring smoother 
operation of the engine, it was very difficult to tell the 
difference. With cast-iron pistons we use an oil pressure 
of over 20 lb. per sq. in., with a free flow from the crank- 
pin, as has been described, and a crankshaft with three 
bearings. I cite that simply to show that it is possible to 
control the oil that is passed by the cylinders if the piston 
and the ring design is what it ought to be, and that it 
can be controlled successfully with cylinders that are 
badly out of shape and with ordinary rings. We do not 
need trick devices or peculiar joints, or anything of that 
sort, to get what we want. 

Almost half of the piston-ring companies are special- 
izing in special joint construction. If you will figure 
what the gap in the joints of these rings must have been 
at the end of 40,000 miles with cylinders 0.009 to 0.010 
in. Oversize, with normal wear, I think it will be apparent 
that patented-joint construction is of no use whatsoever 
and usually ruins a ring that otherwise would wear in a 
satisfactory manner. 

Mr. ROUND:—I have had no personal experience with 
the exact type of piston Mr. Crane describes. It may be 
that the deciding factor in this design is the relief of the 
piston below the skirt ring; for, with pistons otherwise 
similar in design and proportion, we have observed a 
number of cases of excessive oil consumption. It would 
seem that the use of this type of piston would be re- 
stricted to low-speed engines, because the increased 
length and weight would be seriously objected to by de- 
signers of high-speed engines. 

W. L. DEMPSEY:—The proper solution of any problem 
depends primarily upon an analysis of the cause or causes 
producing certain results that it is desirable to change 
or prevent. In the last analysis, there can be but one 
efficient cause for oil traveling from the crankcase into 
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the combustion-chamber of a vertical automobile engine; 
it must be acted upon by a force in the direction of the 
combustion-chamber, and this force must be great enough 
to overcome the friction of the passage of the oil be- 
tween the cylinder-walls, rings and piston. In addition, 
it must be great enough to overcome the force of gravity. 

It is evident that this energy must be generated either 
by the engine itself or proceed from some source outside 
the engine. It is evident, also, that no oil can enter the 
combustion-chamber during the explosion stroke, because 
of the excessively high pressures that are exerted in all 
directions. It is equally evident that no oil can enter the 
combustion-chamber during the latter part of the com- 
pression stroke. It is very doubtful if any oil passes into 
the combustion-chamber during the exhaust stroke, al- 
though there may be certain conditions by which a 
vacuum is created during the exhaust stroke. 

We must consider, therefore, only what occurs during 
the suction stroke of the engine. Let us examine, rather 
closely, whether there is anything in the construction of 
the piston, rings and cylinder that would warrant us in 
believing that oil-pumping is due to energy developed by 
the engine. First, there is ever present the law of 
gravity, which tends to carry any oil adhering to the 
piston or the cylinder back to the crankcase. This ten- 
dency requires an actual force to overcome it. If the 
viscosity of the oil is great, it tends the more to adhere 
to the spot on which it is thrown by the revolving crank- 
shaft and dippers. This also requires force to move the 
oil either up or down. Is there any reason to believe 
that a well-designed piston and ring would carry more 
oil up against pressure and gravity than it would bring 
down? I think not. If there is any inherent tendency 
in the piston and the rings to force oil into the com- 
bustion-chamber, why does it not have a like effect upon 
the unburned fuel that causes so much crankcase dilu- 
tion? 

So long as the piston and the rings are fitted with 
clearance enough to permit a film of oil between them 
and the cylinder-walls, there is sufficient space for air 
and gas pressures to act upon the oil in either direction. 
Is it possible for the piston ring to carry up in one stroke 
out of four more oil than would be cleanly burned at the 
high temperatures existing during the period of the 
working stroke? It must be remembered that the force 
exerted by the revolving crankshaft, the connecting-rods 
and the dippers is always tangential to the axis of the 
piston travel, and never parallel to the walls of the cylin- 
der and piston. 

Mr. Round enumerates a number of factors controlling 
oil-pumping, but to my mind the one efficient cause of oil- 
pumping is the last factor stated in his excellent paper, 
namely, “vacuum in the cylinder’; or in other words, the 
force that causes oil to flow upward, against the law of 
gravity, into the combustion-chamber is the difference 
between the pressure of the atmosphere outside the cham- 
ber and the pressure of the gases within it. The exami- 
nation of tables, giving the flow of air through an orifice 
under the influence of vacua of different degrees, may 
throw considerable light upon the subject. 

For the last 3 years the company with which I am 
affiliated has been equipping cars with an automatic 
check-valve inserted in the cylinder at the limit of the 
downward piston-travel. We found that so much vacuum 
existed at the end of the suction stroke that a valve hav- 
ing a 7/32-in. opening opened with such violence that it 
was necessary to make the valve and the stem integral 
and of nickel steel to prevent the head from hammering 
off ; and to deaden the sound caused by the rapid opening 
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and closing of the valves, it was necessary to use a com- 
pensating spring or fiber washer. Nor is there any speed 
at which the valves do not open; hence, we conclude that 
the vacuum at the end of the suction stroke is more than 
sufficient to account for oil-pumping. 

Mr. Round refers to an engineer who succeeded in re- 
ducing oil-pumping by maintaining a vacuum in the 
crankcase, equal to that in the intake-manifold. His 
paper also illustrates a device, in Fig. 4, that is intended 
to create a vacuum in a groove around the piston when it 
approaches its lower dead-center. 

Tests that I made on a stationary engine, having a 
4-in. bore and a 5-in. stroke, with a light spring and an 
automatic intake-valve, showed a vacuum, when turned 
by hand at a rate of 50 r.p.m., of 15 in. of mercury. One- 
half as much vacuum would be sufficient to pump more 
than 2 lb. of oil into a six-cylinder engine in a 10-hr. 
run, if the flow of the oil were not impeded by closely 
fitting piston-rings. I conclude, therefore, that the prin- 
cipal if not the only factor causing oil-pumping is the 
existence of low pressure in the cylinder at the end of the 
suction stroke, supplemented often by.a pressure in the 
crankcase higher than that of the atmosphere, especially 
in engines having insufficient breathing area. 

If we are to cure oil-pumping, let us lessen the vacuum 
at the end of the suction stroke and at the same time 
introduce the largest quantity of pure air possible by 
inserting an automatic air-valve that will unfailingly 
supply the cylinder with additional air, especially at low 
throttles, to burn completely and cleanly whatever oil 
passes into the combustion-chamber. 

Mr. Round brought out the fact that they had more 
trouble with engines pumping oil on the seaboard than 
in the Rocky Mountain district; that tractors give less 
trouble than passenger cars; that passenger cars give 
less trouble when touring than when running in towns 
and cities. Does not each of these statements bear out 
the fact that the force which drives the oil into the crank- 
case is the weight of the external atmosphere? At sea- 
level the pressure of the atmosphere is 14.7 lb. per sq. in., 
while at great altitudes it is much less; consequently, 
there is more pressure or force at sea-level to drive the 
oil into a vacuum. When a passenger car is touring 
there is less vacuum, because the throttle is open wider, 
but when the same car is running in the city, it runs 
under an almost closed throttle and the vacuum is greater. 
A tractor when moving without a load requires one-half 
its engine power for self-propulsion; hence, the throttle 
is wider open and the vacuum is less than that of a 
pessenger car at low speeds. 

The remedy, therefore, seems to be to lessen the 
vacuum in the cylinder, at the end of the suction stroke, 
and by ample breathing areas to prevent crankcase com- 
pression. 

Mr. RouND:—I believe that the vacuum in the engine 
cylinder is in part responsible for the passage of oil into 
the combustion-chamber, as Mr. Dempsey claims. How- 
ever, the fact that carbonization, which is a result of oil- 
pumping, gives less trouble in engines working under 
fairly heavy loads, is due also to the greater volume of 
fuel burned, the latter being adequate to consume cleanly 
much larger quantities of oil than is the case with lightly 
loaded engines. 

J. F. WINCHESTER :—The questions of oil-pumping and 
oil-consumption are so closely related that the papers by 
Mr. Round and Mr. Bull can be covered in the same dis- 
cussion. The experiences of these two men, in some 
ways, check up with the general experiences that I have 
had in the last 15 years, 10 of which have been closely 
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associated with various types of oil complaints sub- 
mitted to one of the large oil companies, but, as a part of 
the discussion, permit me to present the following: 

Mr. Round states that crankcase-oil dilution can be off- 
set in two ways: (a) by the periodic draining of the en- 
tire supply; and (b) by the frequent addition of fresh 
oil to replace that used. To my mind, the solution of 
crankcase-oil dilution, from a trouble-preventative stand- 
point, is the periodic draining of the oil supply, depend- 
ing upon the number of miles run. This recommendation 
should be made by local service-men, who understand the 
type of engine under consideration, for the length of 
time after which draining will be needed depends upon 
climatic conditions. In some cases the frequent addition 
of oil did not overcome or tend to relieve the trouble in 
cars and trucks that I had under my observation, for the 
reason that the dilution was in such proportion that it 
equalled the daily consumption of oil. Therefore, the 
addition of fresh oil tended to flood the engine. 

Mr. Round states that ring end-clearance is of minor 
importance in controlling oil consumption. This state- 
ment does not check with my experience. It is my belief 
that ring end-clearance is a very important factor in 
controlling oil consumption. In the early days ring-fits 
were based largely upon steam-engine experience where 
wide clearances were needed. It is generally conceded 
that this practice is no longer accepted; that definite 
recommendations are made by the designers of various 
types of engine; and that definite clearances are insisted 
upon in the better-built products. The end-clearance of 
the ring, to a large degree, depends upon the clearance 
of the piston and upon the type of work on which the en- 
gine is to be used. On the average American engine it 
will be found that much better results will be obtained 
from the standpoints of both oil consumption and carbon- 
ization if all the rings below the upper ones are fitted 
with less than 0.003-in. end-clearance. It has been my 
experience that end-clearance controls the amount of oil 
that will accumulate under the ring, and has an important 
bearing on the amount that will be pumped into the 
combustion-chamber. 

I have found that the amount of oil consumed is con- 
trolled to a large degree by the ring-pressure. In a num- 
ber of cases where complaints have been made that cer- 
tain types of lubricating oil were entirely unsatisfactory 
for a given engine, investigation has proved that the 
trouble was eliminated by employing piston-rings that 
had the proper tension and were correctly fitted. Mr. 
Round states that, in his experience, 2 lb. per in. of 
diameter for a ring of %-in. width is the tension that 
gives the best results. My experience, which apparently 
checks with that of Mr. Bull, based on Table 3 in his 
paper, that gives ring-pressure values, indicates that a 
50-per cent greater pressure, or 3 lb. per in. of diameter 
of ring, is the proper tension. There have been a num- 
ber of cases where a ring-pressure of 2 lb. per in. caused 
trouble, whereas 3 lb. per in. for the respective sizes has 
been very satisfactory. 

Attention has been called to the non-interchangeability 
of the rings manufactured, and to the indifference in the 
inspection given many rings before they are placed on 
the market. This experience checks with mine. I know 
that very many complaints of crankcase dilution and ex- 
cessive oil-consumption are brought about by (a) the 
manufacturers missing this important point, and (b) the 
patent-ring manufacturers laying great stress upon the 
features of construction that they can visibly demon- 
strate to the buyer, yet neglecting to manufacture the 
articles within close limits. My experience agrees with 


that of Mr. Crane who stated that the majority of so- 
called special piston-rings on the market do not give as 
good results as the plain concentric ring. Mr. Bull be- 
lieves that the two-piece ring is the most desirable. 

Little stress is laid upon the oil-control groove in the 
piston-ring test. I have found that with the type of 
ring shown at the right in Fig. 1 the passing-ef oil into 
the combustion-chamber is controlled very satisfactorily. 
Mr. Bull states that the type of piston-ring having an 
inherent twist, so that the unit pressure on the bottom 
edge is in excess of that on top, may be beneficial. It is 
appreciated that rings of this type can be manufactured, 
but there is a serious doubt in my mind whether this 
theory will work out in practice. If a ring of this type 
has proper clearance in a groove, this inherent twist is 
controlled. Therefore, it fails to come into action. I 
have tested a large number of rings of this type and 
fail to see wherein they give better results than a prop- 
erly fitted plain ring. 

Considerable stress is placed upon the operation of the 
lubrication system. There is no doubt that, if a force- 
feed system becomes worn, there is a decided tendency 
for an excessive amount of oil to be thrown into the pis- 
ton and to find its way into the combustion-chamber in 
various ways. This difficulty is particularly noticeable 
in so-called high-speed engines operating in city traffic. 
Under these conditions, a drop in the original pressure 
becomes necessary. As brought out by Mr. Round, the 
average manufacturer or service manager is inclined to 
insist that the original pressure recommended in the in- 
struction book supplied by the manufacturer be adhered 
to. Careful instructions covering this point, by various 
manufacturers to their service-stations, would result in 
many of the present-day difficulties being overcome. II- 
lustrations of the variations of individual spring-pres- 
sure furnished with pressure-feed systems, as brought 
out by Mr. Round, coincide with those of my experience. 
It is surprising to find the number of manufacturers of 
high-grade equipment that overlook this important point 
by failing to calibrate properly the tension of the springs 
of the lubrication system. 

Mr. Round advocates the positive control of oil pres- 
sure under varying loads. I agree with him on this and 
submit that the best possible control is that which is 
connected with the throttle. 

The question of employing auxiliary devices to control 
crankcase dilution or oil-pumping is naturally one that 
requires research work. But this difficulty could be taken 
care of properly by the further improvement of the oil- 
ing system of today, without the addition of auxiliary 
devices that tend to complicate the car’s mechanism. 

In the discussion Mr. Round advocated abandoning the 
use of shims. I believe this would work a hardship on 
the average American manufacturer. It would also re- 
sult in increased up-keep cost in car and truck operation. 
The trouble that Mr. Round cites is brought about 
through a lack of education on the part of the mechanic. 
Therefore, education is what is needed, not a change in 
manufacturing methods or design. Neglect on the part 
of manufacturers to educate properly a suitable number 
of all-around mechanics is resulting in all of us puzzling 
over problems that we should never meet. The industry 
as a whole probably is suffering more from this cause 
than from any other. 

My recommendation is that proper steps be taken to 
provide the future generation with a sufficient number 
of trained men to maintain economically the types of caz 
being put out at the present time. We should not aban- 
don present-day practice, which has accomplished eco- 
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nomical results from the standpoint of both manufactur- 
ing and up-keep, because mechanics have not been edu- 
cated sufficiently to make the proper repairs. 

Great improvement in oil-pumping and crankcase dilu- 
tion would be effected if manufacturers, service-men and 
instructors dwelt more thoroughly upon the subject, and 
if the average garage-man were able to buy standard 
piston-ring gages and tension testers that would enable 
him to determine the quality of the product before it is 
applied. He should be supplied also, by the car builders, 
with detailed instructions regarding the fitting of shims 
and other parts that have an important bearing upon the 
results to be obtained after the car has been overhauled. 

Mr. RouND:—Mr. Winchester’s point regarding the 
overcoming of crankcase-oil dilution is well taken, but 
there are cars in operation in which oil is consumed so 
rapidly that replenishing the oil supply is sufficient to 
maintain the oil in reasonably good condition, thus off- 
setting any excessive dilution. This, however, is not the 
general experience. 

Regarding the education of service managers and me- 
chanics, too much emphasis cannot be given to this. Even 
today, we find branch-office service-managers, to say noth- 
ing of foremen and mechanics, who do not believe that 
the thinning out of crankcase oil is due to fuel dilution, 
and who show an equally meager knowledge of other 
fundamentals. A series of service bulletins to reach not 
only the managers but the individual mechanics as well, 
written in an interesting way, would be a great help along 
this line. 

A. A. BULL:—I agree with Mr. Crane in reference to 
the necessity of presenting the ring squarely to the cyl- 
inder-wall. However, I hardly see how he can attribute 
to this feature alone the success of the construction to 
which he refers, because, with the wear and with the 
0.009-in. taper of the cylinder that he found after use 
and under which conditions he states the rings and pis- 
tons function perfectly, it is difficult to understand how, 
under such conditions, the rings could remain square and 
parallel to the walls of the cylinder. 

Referring to Mr. Winchester’s comments, it is estab- 
lished almost beyond doubt that end-clearance is of no 
importance. If it were as important as he states, we 
would be in a serious position in respect to the use of a 
plain ring because we must recognize that, with the wear 
on the ring and the cylinder, the gap will increase very 
rapidly; and, under such conditions, we certainly would 
require something different from a regular angle or step- 
cut joint. 

In the analysis of the piston-ring pressure, it is shown 
clearly that there is an advantage in increasing the pres- 
sure between the ring and the cylinder, but this in itself 
is of little avail if side-clearance in the ring occurs; for, 
while the ring itself may be more efficient in displacing 
the oil from the cylinder-wall, it cannot prevent it passing 
around the ring instead of through the oil-return holes 
that may be provided. Under such conditions of side- 
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clearance, however, and with holes at the rear of the 
ring-groove, the passage of the oil can be prevented to a 
large extent. 

It is true that the features of construction, which 
the majority of replacement piston-rings possess, visibly 
demonstrated to the buyer, rarely have any characteris- 
tics controlling oil-pumping, and the importance of accu- 
racy in manufacture is often neglected. It must be 
recognized, however, that there are factors in the cylin- 
der itself which may nullify the benefits of extreme 
accuracy in the ring. 

I stated that a plain concentric piston-ring when prop- 
erly installed is generally as good or better than rings 
having fancy constructions of joints; but, in the final 
analysis of the functions of a ring and recognizing the 
vital necessity of proper fit sideways in the groove, I 
advocate the use of a two-piece ring of a construction 
such as is illustrated by the third ring from left to right 
in Fig. 12, which has the ability to expand sideways to 
fill the groove properly. I have used rings of this con- 
struction made especially for us with aluminum pistons, 
for 3 years and cannot fail to recognize the fundamental 
necessity for a construction of this kind. 

Regarding the reduction of oil pressure on pressure- 
feed lubrication systems, there is no doubt that this will 
help considerably after the bearings have become loose 
and it is to be recommended, but, as stated, the service- 
man usually endeavors to maintain the original pressure 
recommended, for safety. 

It is to eliminate such conditions that the method of 
oil control from the crankpin is discussed at length. 
With the proper location of the oil-distributing hole 
sealed by the bearing throughout the greater part of the 
cycle, the oil discharged from the crankpin is not influ- 
enced appreciably by the bearing clearance. The main 
point is that the conditions existing when the engine is 
new should be maintained throughout its life, regardless 
of the wear that inevitably takes place. 

With regard to positive control of oil pressure under 
varying loads, I think that the connection with the throt- 
tle is not proper, as it will not exercise any control over 
the oil consumption unless accompanied by the control 
of the oil discharge from the crankpin as outlined. 

While I did not make any definite statements on the 
manner in which I believe crankcase dilution can be con- 
trolled, I am satisfied that this can be minimized to an 
almost negligible degree by the use of proper manifolds, 
preventing the entrance of large quantities of liquid fuel 
into the cylinder. The difference between manifolds in 
this respect can be demonstrated easily by providing 
suitable dams at the entrance to the cylinder and collect- 
ing the liquid fuel that ordinarily flows into the cylinder 
under low temperature and speed conditions. Further, 
the use of a choker for the carbureter that prevents suck- 
ing raw fuel into the manifold is necessary. The large 
differences in dilution that occur as between different 
engines can usually be attributed to such conditions. 


NEW SYSTEM OF SPRING-SUSPENSION FOR 
AUTOMOTIVE VEHICLES 


BY H. M. CRANE 


HE author indicates what the history of spring sus- 
pension has been but discusses only the conven- 
tional type of four-wheeled design in which the front 
wheels are used for steering and the rear wheels for 
driving and braking. The problem of front-axle spring- 


suspension is mentioned, but that of proper rear-axle 
spring-suspension, especially for passenger cars, is dis- 
cussed in detail because it is a much more difficult one. 

The advantages of the Hotchkiss drive for shaft- 
driven cars and some of its distinct disadvantages are 
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stated, shaft-driven, rear-axle mountings being com- 
mented upon in explaining the factors that influenced 
the design of the spring-suspension device developed 
by the author. The advantageous features of this de- 
vice are enumerated, inclusive of the effects of tire 
reactions. [See June issue. ] 


THE DISCUSSION 


H. M. CRANE:—The history back of this spring sus- 
pension begins with a shaft-driven car equipped with dis- 
tance-rods, a torque-arm and springs that were free to 
turn on the rear axle. This construction was followed 
by a practically similar construction in a somewhat 
larger car, about 1907. In the second construction we 
first had our attention called to the effect of the torque- 
arm in causing a reaction on the driveshaft, as described 
in the paper. An experiment we made there to amelio- 
rate this condition consisted in providing a very consid- 
erable spring-resisted motion at the end of the torque- 
arm; that is, the fixed end on the chassis frame. Exam- 
ination of this spring action showed that, over a com- 
paratively smooth road, with the engine just pulling the 
car at about 25 m.p.h. on the level, you would occasionally 
bottom over 200 lb. of spring pressure on a torque-arm 
about 45 in. long. It gives a crude idea of the shocks 
that are produced in the driving mechanism by this effort 
of the rear-axle pinion-shaft to remain parallel to the 
gearbox shaft at the forward end. It is evident that any 
angularity that the rear-axle pinion is forced to take in 
relation to the fixed shafts on the chassis frame tends to 
result in an angular rotation of that shaft, or of some 
part of the driving mechanism, and the shaft is about 
the only thing to take it up. 

I should have called attention in the paper to the fact 
that the use of fabric universal-joints, which is becoming 
very common at present, will go a long way toward elim- 
inating the difficulties arising from this type of reaction; 
but the answer that we made to it at the time when it 
came up was to adopt the modified Hotchkiss drive. In 
other words, we clamped the rear axle solidly to the rear 
springs, proportioned the rear-spring arms so that we 
had a practically parallel motion between the axle and 
the frame, and used in addition distance-rods to align 
the axle and prevent it from going out of position. We 
also used a platform spring, overhung on the axle. That 
spring is equipped with a very satisfactory device for 
cushioning side-shocks in its cross-shackles, as I now know 
from having departed from it. As many of us have often 
done in attempting to improve, we actually arrived at an 
arrangement that was less satisfactory than the one we 
had been using previously. 

Our next movement from this device was to the semi- 
elliptic spring hung under the frame, about 1912. The 
first cars of this type had very light frames and were 
driven almost entirely as open cars. The thing in this 
particular design which began to cause us to open our 
eyes was a breakage of the rear-frame member. The 
frame was designed at the rear end very much as at the 
front end, and we broke off the overhanging part of the 
frame beyond the last cross-member. That was due to 
the lateral vibration set up by these very flat springs 
that were stiff laterally, and partly to the twisting of the 
springs tending to twist this rear extension of the frame. 
However, we believed that by making the frame suffi- 
ciently strong there we would overcome this difficulty, 
and we proceeded to a larger car of 14214-in. wheelbase, 
using the same general layout of a flat semi-elliptic un- 
derhung spring at the rear. The riding quality in the 
rear seat of this car was very disappointing at the start. 
The difference was not particularly noticeable in the 
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front seat, but there was a disagreeable lateral chatter- 
ing effect that could be felt on the floor-boards and the 
cushions and showed up very plainly on the battery hang- 
ing. The battery was suspended under the rear floor in 
a hanging of fairly light weight and not at all rigid, and 
the battery was trembling sideways sufficiently to shake 
the whole floor. It was at that time that we introduced 
the spring cushioning on each side of the rear spring at 
the front end and the ball shackle at the rear end; that is, 
a shackle in which the spring end and the shackle connec- 
tion were of the usual form, but at the other end of the 
shackle was a ball-joint attachment to the frame. This 
allowed a considerable amount of lateral freedom to the 
spring and at the same time reduced the torsional reac- 
tion of the spring against the frame when one wheel 
was lifted higher than the other. It was a fair compro- 
mise but not entirely satisfactory. 

This car had a straight Hotchkiss-drive; in other 
words, there were no distance-rods. All of the connection 
between the rear axle and the frame was made through 
the spring; the driving torque-reaction, brake reaction 
and everything. We have found that the springs are 
entirely capable of doing this satisfactorily; that is, so 
far as spring breakage is concerned. To give figures, the 
usual flexibility of rear springs on this car was of the 
order of 165 to 170 lb. per in. of deflection for each 
spring. This is on a car that weighed, without passen- 
gers but otherwise fully loaded, from 5000 to 6000 Ib. 
The spring, relatively, was of a very soft character. 

In driving many miles with chassis of this type, and 
even driving with cars with bodies on, with the floor- 
boards up and watching the rear-axle operation, it be- 
came evident that there were other conditions there that 
were not being met. In other words, we had a very heavy 
axle tied to the frame in a vertical direction, with a con- 
siderable degree of flexibility; but, longitudinally to the 
frame, the springs being practically horizontal, there was 
almost no flexibility whatever. We ought to have real- 
ized this from the fact that we broke the front spring- 
eyes in a great many springs, in this case when we were 
using 114-in. bolts at the front end of the spring, the 
spring eye not being welded, but simply turned over and 
acting as a hook. We found it necessary to reduce the 
diameter of the bolt to 1 in. to make the spring stand up. 

I began to feel that there ought to be some way of let- 
ting the rear axle accommodate itself to a certain extent 
in speed to the longitudinal-horizontal speed of the chas- 
sis. That had been done before and there was no ques- 
tion about it; the thing had been recognized as a desir- 
able feature and, as I stated in my paper, there have 
been springs introduced in distance-rods, or the springs 
have been canted at an angle with the horizontal so that 
the rear axle would tend to move toward the rear of the 
car when the springs were compressed, and there have 
been a number of similar ways in which there has been 
an effort to overcome this defect that was generally 
recognized. 

Some of the defects of the Hotchkiss drive have also 
been recognized. It is easier on tires, I am very sure, on 
ordinary roads, but we all know the effect that is pro- 
duced on sandy, gravelly hills with the lightly loaded 
Hotchkiss-drive job; there is a tendency for the rear 
axle to jump clear of the ground and set up a vibration 
period in jumping and in rotation that necessitates an 
entire abandonment of any attempt to go up the hill rap- 
idly, and simply necessitates reducing the application of 
power until it is just barely possible to crawl up the hill. 

In thinking these various things over, I evolved the 
layout that is shown in Fig. 1. The first thought I had 
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was: Suppose we use a distance-rod but attach it at the 
level of the ground; that is, opposite the tread of the 
tire on the ground. Apparently that would practically 
eliminate the torque-reaction effect; in other words, we 
would transmit it directly to the frame through the dis- 
tance-rod. At the same time I saw that if we attached 
the distance-rod at a point not at the center of the axle 
but at a point substantially below the center, it would be 
possible for the axle to travel longitudinally with respect 
to the frame to an extent permitted by the stiffness of 
the spring itself. The arrangement was first tried on a 
car of about 4200-lb. weight and, as an experiment, the 
point of attachment was placed at about half the distance 
from the center of the axle to the ground. In this job 
we were able to vary the position of attachment verti- 
cally so as to get a longer or a shorter lever-arm, and 
our experiments covered lever-arms rather more than 
half of the radius of the tire. The results of the device 
were two. First, there was a very noticeable and con- 
tinuous variation of the position of the axle with relation 
to the frame in a horizontal direction on any kind of road, 
even a comparatively smooth, newly built highway. On 
a rapid reversal in a vertical direction, such as a “thank- 
you-ma’am” or a gutter in the pavement, there was a very 
violent and extended movement of the rear axle in the 
longitudinal direction and at the same time a very much 
reduced vertical throw of the body. I have tried to ex- 
plain in my paper why I think that reduced vertical 
throw occurred; that it is due to the reduced tire-reac- 
tion. It is very difficult to tell exactly what is going on 
under these conditions, but I think that is the reason. 
As to the facts, there was no doubt whatever; there was 
a very great difference. 

Another thing we found in an early application was 
that if the longitudinal stiffness was made too small by 
lengthening the lever-arm, it was wholly possible to ob- 
tain a serious periodic vibration longitudinally of the axle 
with respect to the frame on a washboard road; in other 
words, the axle would move backward and forward vio- 
lently in a period determined by the stiffness of the 
spring reaction and the weight of the axle itself. 

I am not convinced yet that we know exactly the best 
length of lever-arm to use with the arrangement. It 
must depend very largely on the weight of the axle com- 
pared to the stiffness of the spring and to the weight of 
the vehicle itself, but it is apparently possible to obtain a 
relation of parts that will practically never cause this 
unfortunate effect, and it certainly is most unpleasant 
when it occurs. 

What I have just described is the new part of this sus- 
pension. I have called attention in the paper also to the 
lateral flexibility provided by swinging links. It will be 
recognized that this is simply an extension of what is 
provided in the ordinary platform spring-suspension. 
Our experience with various spring-hangings indicates 
that the higher the spring is above the ground, the less 
difficulty is experienced from the lateral vibration; that 
is, the very low underhung spring seems to affect the 
body very much more than the higher spring. But there 
are undoubtedly very heavy stresses put in with any 
height of spring, due to both the side action of the axle 
and the effect produced by attempting to raise one wheel 
higher than the other with respect to the ground. The 
torsional effects produced by this are very great and also 
the bending effect that must take place, due to the fact 
that the projected length between the springs when the 
axle is at an angle is less than the distance between 
spring-eyes on the frame, unless some means of accom- 
modation is provided either on the axle or on the frame. 


I may say that the use of some arrangement of this type 
on front springs had a most noticeable effect in reducing 
the disagreeable rattle that we get in so many cars in the 
front springs. I take no credit for finding out this point 
in spring-suspension. It was called to my attention very 
emphatically by a chauffeur of one of our early owners. 
I did not believe him when he told me, but he promptly 
convinced me by rocking the car back and forth and al- 
lowing me to put my hand on the shackle. We found 
there was from 0.003 to 0.005-in. play in the shackle and 
yet the rattling from it was very unpleasant. 

W. C. Keys:—What types of universal-joint and pro- 
peller-shaft were used and which types have been found 
best? Also, has Mr. Crane made a really fair compar- 
ison between this suspension and a very flexible full- 
elliptic suspension that is used on two or three cars with 
which we are familiar, and which gives fore-and-aft and 
side flexibility? 

H. W. ALDEN :—There are two features of this spring- 
suspension that I wish to question Mr. Crane about. We 
used a somewhat similar construction in 1905 or 1906 in 
the Columbia car; it was not exactly the same but it had 
some of the elements. We had a radial arm on each end 
of the axle and a link running from there to the frame. 
The springs were overhung. The forward end of the 
spring was rigidly attached to the frame at a point 
some 4 or 5 in. below the point of attachment of the 
side-rod. What we were striving for was to get a sort of 
pantagraph action, so that the pinion shaft would remain 
substantially in a horizontal position all the time; in 
other words, parallel with the transmission shaft. We 
found that we got a rather more vertical whip of the 
universal-joint at the rear end than we did with the 
straight Hotchkiss-drive. Also, we developed another 
very serious defect that we tried to overcome, although it 
never was overcome satisfactorily. It was the varying 
angular positions of the two vertical arms on the ends 
of the axle, when the plane of the chassis departed from 
a position parallel to the central line of the rear axle; 
in other words, when the car rolled sideways. Our side- 
rods were very nearly in horizontal and vertical positions. 
In the construction that Mr. Crane uses, the side-rods 
are at a considerable angle. It would seem that when 
the car rolls sideways the side-rods in Mr. Crane’s ar- 
rangement would exert a very considerable torsional ef- 
tect on the body of the axle housing. In other words, if 
the car rolls to the left, the lower end of the left-side 
axle-bracket would be pushed back and the one at the 
other side would be pushed ahead considerably. We were 
continually shearing off those brackets on the ends of the 
axle. I would like to know whether Mr* Crane has had 
any of this same experience. It seems that the strains 
would be terrific at times, because the coupling is abso- 
lutely rigid and something would have to give. 

I notice that one of the reasons Mr. Crane favors this 
construction is that it decreases the vertical whip of the 
rear universal-joint. It would seem from the diagram 
that, with the chance for the rear axle to surge forward 
and backward and with the two lower ends of the arm 
rigidly held with respect to the frame, this surging 
action would introduce a very considerable vertical whip 
of the universal-joint at the forward end of the rear 
pinion shaft. 

G. W. CRAVENS:—In 1917, when I designed the Elear, 
the question of the Hotchkiss drive came up and we 
finally adopted it; the car is now in its fifth season and 
no change has been made. 

In Fig. 1 of Mr. Crane’s paper, I notice that he has 
made the rear end of the spring higher than the front. 
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In riding a car, the discomfort of the passengers is 
greatest when the body has a front-and-back movement 
or tendency to change its rate of speed while traveling; 
in other words, if the body moves along smoothly at a 
uniform rate and almost without swing, it is not uncom- 
fortable. When the wheels strike obstructions they tend 
to stop momentarily; then, through the rebound, they 
come back, which means that they are tending to move 
ahead with relation to the travel of the body. If the 
rear end of the spring is lower than the front, the bound 
of the axle or the tendency to jump backward does not pull 
the body back, as is the case when the compression of 
the spring makes it necessary for the axle to move for- 
ward, and that inevitably tends to retard the movement 
of the body. The question presents itself: Is the exces- 
sive flexibility, due to having everything on shackles, 
provided to overcome that condition; and, does it do so? 

How does Mr. Crane feel in regard to using the pro- 
peller-shaft tube as the torque-arm and mounting the 
springs on the axle by spherical bearings or joints like 
those of the Lanchester car, so that the axle is free to 
move and the spring is free to move on it, with the torque 
or push of the rear axle transmitted to the body through 
a spherical joint at the front end, similar to that used 
on the Lafayette and some other cars in this Country? 

W. W. WELLS:—It. seems to me that the angularity of 
the drive-rod is an important consideration. When I 
read Mr. Crane’s paper I immediately wondered what 
would happen if on our 1-ton truck we mounted the rear 
end of the drive-rod 9 in. from the center of the axle. 
We have a 550-lb. spring, and I find that a horizontal 
force of 9200 lb. applied to the axle would move it back 
1 in.; that is, the change in location of the drive-rod 
would be equivalent to introducing a spring of 9200 lb. 
per in. in the drive-rod. I notice also in Fig. 1 of Mr. 
Crane’s paper that the drive-rod stands at an angle of 
about 1 to 8, which means that an upward movement of 
the axle of 1 in. would cause a backward movement of 
l, in. Comparing these results shows that it would take 
an upward thrust of 1100 lb. to compress the spring 2 in. 
and shove the axle back 14 in., due to the action of the 
drive-rod. A horizontal force of 1300 lb. would be re- 
quired to rock the axle back 14 in.; that is, if the direc- 
tion of the blow on the axle is 45 deg., the backward 
movement of the axle in relation to the frame is due more 
largely to the vertical component of the force and the 
angularity of the radius-rod than to the horizontal com- 
ponent acting through the rocking action of the axle. 
Are any definite data available as to the correct angu- 
larity of the drive-rod or of the front spring? 

Mr. CRANE:—Answering Mr. Keys’ question, the type 
of universal-joint used in the shaft of this arrangement 
at the rear end is the jaw type; that is, it has long, 
parallel jaws, in which rollers operate. There are two 
rollers in dumb-bell form on the ends of the propeller- 
shaft which are roller-bearing supported and the com- 
bination provides almost unlimited angularity with a 
very great freedom of longitudinal movement; the last 
being very desirable to keep excessive strains from being 
placed on the ball bearings either in the rear-axle pinion- 
shaft or in the gearbox. 

I am very glad Mr. Keys spoke of the full-elliptic 
spring. I thought that I had done pretty full justice to 
this type of spring in my paper. There is no question 
that it is an excellent type for absorbing road shocks. 
The chief difficulty with it is that it is not satisfactory 
for absorbing torque reaction. This is due to taking it 
on only one-half of the spring-steel instead of all of it; 
in other words using the lower half of the full-elliptic 


steel spring to take the torque reaction as against the 
full spring in the semi-elliptic. I think that point is cov- 
ered in my paper. 

Replying to Mr. Alden’s questions, I think an inspec- 
tion of this device will indicate a complete dissimilarity 
from the one that he describes. I remember that old 
pantagraph arrangement very well. We considered it at 
the time but finally decided to use a modified Hotchkiss- 
drive instead. We discarded the Columbia device for ex- 
actly the reasons Mr. Alden gave in connection with it; 
that is, the extreme rigidity of the two sets of arms made 
it impossible for the axle to take an angular position with 
relation to the frame, or required that something should 
spring very considerably to allow the axle to assume 
such a position. 

The fundamental difference in the two devices is that 
in the original arrangement described by Mr. Alden the 
front end of the semi-elliptic spring was rigidly attached 
to the frame, and in this device both ends of the semi- 
elliptic spring are shackled to the frame with relatively 
long shackles. There is, therefore, in the latter no very 
large strain set up by the axle taking an angular position 
with regard to the frame. Any such strain that is set up 
is simply spring-reacted, or partially taken care of by the 
swinging side-links. As a matter of fact, the car on 
which this was first used had the lightest rear-axle con- 
struction that I have known of being placed under a sim- 
ilar car. It had an aluminum center casting, carrying the 
gears, with axle tubes bolted to the casting on flanges of 
relatively small diameter. The tubes were parallel and 
simply flanged at the ends and, according to my recollec- 
tion, they were not over 2% in. in diameter as regards 
the tube and not over 5 in. as regards the flange. That 
car weighed 4700 lb. without passengers and developed 
fairly high speed under the conditions in which tests 
were made, having an engine of from 80 to 90 hp. It 
never exhibited the slightest signs of distress in any of 
the axle parts; due to the loading from this device, the 
tubes did not loosen on the axle housing or show any ten- 
dency to do so, and they were not keyed but were simply 
fastened with fairly well-fitted bolts. I am well satisfied 
that, due to the spring reaction opposing such strains, 
there is no deleterious action produced in the axle itself 
and no excessively heavy construction is required to take 
care of such action. 

As to the vertical whip of the universal-joint, in the 
ordinary Hotchkiss drive this is due to the straight 
torque-reaction; that is, if the brake is put on sharply, 
the front end of the pinion shaft ducks; if power is put 
on violently, the front end rises. Due to the fact that we 
reduce the torque reaction in this device, that is, absorb 
it directly by a change in the angular position of the axle, 
the vertical whip of the end of the pinion shaft is very 
greatly reduced. The difference is very noticeable. This 
device was substituted on a car for a typical Hotchkiss 
drive and back to a typical Hotchkiss drive, so that we 
could measure up very closely the relative action of the 
two arrangements. 

In response to Mr. Cravens’ question regarding the po- 
sition of the rear springs, I realize that in a regular 
Hotchkiss drive it is not possible to place springs in this 
position, due to the fact that we depend on the position 
of the spring to make the axle travel in the correct rela- 
tion to the frame as the springs are compressed. In this 
arrangement, however, the distance-rod controls this fea- 
ture to an almost complete extent, and we therefore in 
this particular job took advantage of what we felt we 
would find by lowering the front end of the rear spring 
to keep it entirely clear of the floor-boards. The result is 








Vol. XI 


September, 1922 





240 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 





that a body placed on the chassis illustrated in my paper 
shows an entire absence of obstruction in the floor from 
any part of the spring-suspension. There is nothing that 
cuts the floor at all except the ordinary wheel housings 
for the fenders. I am not absolutely convinced that this 
is the best arrangement as shown, but in all preliminary 
tests it has functioned fully as well as we expected. 

I also explain in my paper the reason for overhanging 
the rear-spring, which made this tilted position neces- 
sary; it is the fact that the higher the springs are placed, 
the less rolling action there is. It is conceivable that if 
we mounted a sort of gallows-frame construction on a 
rear axle and hung the body on that, and located the 
springs above the body, the latter would actually swing 
out on a curve, rather than the opposite. There is no 
reason it should not do that, if it were hung at the top 
instead of supported at the bottom. 

Mr. Cravens brings up the question of the torque-arm 
drive, which is a very common European practice. The 
Rolls-Royce has used it for a number of years; as he 
said, it is incorporated in the Lanchester and several 
other cars; it is employed also on, the Buick, the Lincoln 
and the Lafayette cars in this Country. My objection to 
this construction is based largely on its excessive rigidity 
in driving, in torque reaction. If the torque-arm is long 
enough, there probably is no very serious trouble from 
the lack of parallelism between the rear-axle pinion and 
the gearbox and engine shafts. If the torque-arm is 
short or the springs are very soft, there is a great amount 
of this trouble. 

I overhauled one of the old four-cylinder Fiat cars 
after it had had about 18 months of use in this Country, 
a number of years ago. There was not a single joint in 
the driving system of that car that was not shot to pieces; 
every key was loose in its keyway, and the cost of bring- 
ing that car back to its original condition was excessive. 
Further, it was a perfectly futile expense because it was 
an absolute certainty that the car would again relapse 
into a condition of looseness as soon as it was driven for 
any length of time on our rough roads. 

I was told by a man connected with the American Lo- 
comotive Co. that they even had difficulty with the loosen- 
ing of flywheel bolts on the old Alco car that used a very 
stiff torque-arm construction. It seems obvious to me 
that, in a job where we want cheaper service, the softer 
we can make all reactions, the less danger we have of 
shaking something loose, either by road conditions or by 
rather rough operation on the part of careless drivers. I 
would say also that my chief objection to the cantilever 
spring is that it requires the use of a torque-arm con- 
struction. On the fairly smooth roads in Europe, that 
is not important; or if you use a very stiff rear spring, 


it is not particularly important. There is another prac- 
tical disadvantage in the cantilever spring that is one 
of my pet aversions; it is the difficulty of mounting 
bodies with that arrangement. The overhang from the 
last point of support of the spring-suspension in an ordi- 
nary cantilever spring toward the rear of the car is ex- 
tremely great. I have been dealing myself with large 
cars, and the weight figures are something of this order: 
We have two tires and a tire carrier at the extreme back 
of the chassis frame something like 5 ft. from where a 
cantilever-spring pivot would be placed. These tires and 
tire carriers together weigh more than 150 lb. We have 
a 24-gal. gasoline-tank that, with all its fittings, probably 
weighs 200 lb. This is not so far back as the tire car- 
rier, but it is far enough. In addition, on a long body, 
there are three passengers on the rear seat who are 
nearly as far back as the tank; they may weigh from 500 
to 600 lb. Due to the position of the rear door in any 
type of body, and because of other considerations, it is a 
very difficult matter to make the frame stiff enough to 
carry this load properly. It can be made strong enough, 
there is no difficulty about that, but all of us who have 
had much work to do with closed-body mountings on the 
chassis realize that strength in a body frame on a pas- 
senger car does not mean anything, but stiffness is the 
one necessary feature. 

Mr. Wells brings up the question of the angularity of 
the distance-rods shown in Fig. 1 of my paper. We have 
not made any very considerable tests on this particular 
layout by varying the angularity. What we have at- 
tempted to do is to cause the ball end of the distance-rod 
attached to the axle to rise and fall substantially in a ver- 
tical direction with respect to the axle. Of course, there 
is always a radius due to length of the distance-rod, but 
the radius is approximately normal to the axle. This 
drawing may be a little misleading, due to the fact that 
it is shown with the spring not very heavily loaded. As 
an actual fact, the fully bottomed effect occurs when the 
axle tube, which can be seen in Fig. 1 with a rather small 
diameter, bottoms on-the frame. If you will trace the 
motion of the distance-rods, you will find it is not exactly 
a vertical one; it is inclined slightly to the rear, about 
the same amount that we would incline a Hotchkiss-drive 
spring attachment of the normal type. 

There is no question that the angle of tilted springs, 
where the rear end is lower than the front end, does help 
considerably; but it is evidently only a compromise that 
will be possibly correct for a given loading and speed of 
the chassis and a few other conditions. It is better than 
nothing; but, so far as our experience goes, it does not go 
nearly as far in ameliorating the difficult conditions that 
we have to meet as the arrangement shown in Fig. 1. 


A METHOD OF DEVELOPING AIRCRAFT ENGINES 


BY CAPT. GEORGE E. 


T HE general method of procedure taken by the Air 

Service before beginning the actual design and 
construction of the necessary types of aircraft engine 
is outlined and the four steps of the development sub- 
sequent to a very complete study of existing domestic 
and foreign engines are stated. 

After checking over the layouts, if all the details 
are agreed upon by both the designer and the Engi- 
neering Division, the contract is placed, usually for 
two experimental engines, and the construction work 
is begun. 

Acceptance tests are made to demonstrate that the 
engine is capable of running at normal speed and fir- 


A. HALLETT, U. S. A. 


ing on all cylinders. These are followed by the stand- 
ard performance test made on the dynamometer at 
McCook Field. The results of the latter test determine 
whether the engine can enter the 50-hr. endurance 
test. The engine is then torn-down and inspected for 
wear. Suggested modifications are embodied in re- 
constructed engines which eventually fulfill the require- 
ments. Descriptions of the various tests are given and 
commented upon. [See June issue. ] 


THE DISCUSSION 


Pror. E. P. WARNER:—The paper prepared by Captain 
Hallett and read by Mr. Jones seems to me to be pecu- 
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liarly important, first directly because of its explanation 
as to the method of developing engines at McCook Field, 
where they are certainly doing more development work 
than at any other agency in the Country, and second be- 
cause we who are interested in aeronautics should have a 
clear understanding of what that method is and have a 
viewpoint of our own on what the best procedure in dis- 
tributing the work of development between the Govern- 
ment and private enterprise is. I think that in the next 
few months, or in the near future at least, we are likely 
to see a strong drive from some quarters for a revision, 
in one direction or another, of the present method. 

I have heard from various quarters in the industry the 
sentiment expressed that the money that goes into the 
Air Service in general is a good appropriation gone 
wrong, and that it would have been better to turn the 
same money over to the manufacturers to keep alive on. 
On the other hand, we sometimes find the view on the 
part of those connected with the Governmental work, or 
strongly sympathetic to the Governmental work, that the 
manufacturer should confine his attention in peace times 
to producing those military supplies that are turned over 
to him by a Government agency, which, in the case of the 
Air Service, would mean that all the research in engine 
design should have been handled by McCook Field. It is 
very important that such research should continue, and it 
was handled very ably during the war; but at the same 
time there is danger in going too far in one direction or 
another. Owing to the departure of some of those in the 
automobile industry, I think the chances now are rather 
strong that those who remain may be attracted to the 
Government work more on the airplane than the engine 
side, and that the design will fall more and more into 
Government hands, a condition that would be dangerous 
in case an expansion of production facilities again be- 
come necessary. 

If we get all the engineers, particularly those who 
are handling design, into the laboratories and debar the 
factories and designing staffs from going ahead with 
original work, we will be in a very poor position to ex- 
pand, as bad as we would be if we allowed the factories 
to do their own work and did not enforce the exchange 
of results in research and original investigation. It is 
desirable, I think, that the information come into hands 
from which and through which it will be, as far as pos- 
sible, impartially distributed to those who can make use 
of it for the development of aeronautics in general and 
for the good of the industry as a whole. Take a hypo- 
thetical case: If we suppose that all Government agencies 
such as that at McCook Field were to cease their re- 
search, it would be very difficult to get into the hands of 
a small company trying to produce engines or airplanes, 
perhaps more particularly airplanes, the results of the 
work that is being done by others. I am a very strong 
advocate of Government research and of the maintenance 
of Government laboratories, not only for research of its 
own but for the collecting of information on a uniform 
and impartial basis, and for the distribution of research 
data from whatever source they may come. 

H. M. CRANE:—I have had a pretty long experience 
with private and with Government development work, 
and with the two in combination. I have known Colonel 
Bane for a long time, and I think that he has worked out 
about as just a balance between the advantages of the 
two systems separately as it is possible to work out. 

We must not overlook the fact that it is desirable to 
have an educated personnel in the civilian outside field. 
It is equally important not to overlook the fact that it is 
necessary and desirable to have a highly educated person- 


nel in the Air Service, in both the Army and the Navy, 
that will be the nucleus for an expansion during war. 
All of us who had anything to do with the early supply 
of war material know what a handicap it was to deal 
with men in the Air Service who knew nothing about the 
work. At present, however, we have at McCook Field 
enough men of very great air experience, who are thor- 
oughly acquainted with all the difficult problems of en- 
gine development, are sympathetic toward the difficulties 
of such work and know the length of time it takes and 
the importance of it. 

When I first had anything to do with aviation-engine 
design, the question of development did not mean any- 
thing, any more than it did with airplanes. The airplane 
designer seemed to be expected to stand or fall on the 
first airplane he produced of an entirely new design; if it 
did not work, the attitude was to throw it away and make 
an entirely new and completely different design. But it 
has been proved by experience that the best airplanes and 
the best engines cannot be obtained in that way. Mr. 
Jones will undoubtedly tell you that the best engines in 
use today are the ones that have had the longest period 
of development; and the ones that started soonest with 
any sound basis on which to go, and have been most con- 
sistently developed, are still the most useful engines. 

I was told by a man in Washington who should have 
known better that you could not keep up with engine 
design unless you lived in France; that the designs 
changed so quickly and were improved so rapidly that, 
unless you were right next to the front, there was no 
opportunity to keep up at all. As a matter of fact, if you 
look over the standard engines used in the Air Service 
in this Country now, you will find that all of them are 
based on designs that were made from 1915 to 1917. I 
cannot at the moment think of any service engine in reg- 
ular use today in the Air Service, that was designed orig- 
inally at any later time. In other words, the 4 or 5 years 
of development of a sound, original design has far out- 
stripped anything new that could be produced in a year 
or two, based on all the knowledge of that development 
work. 

ELMER A. SPERRY:—I think there is a general feeling 
in engineering circles that in Colonel Bane’s organization 
at McCook Field we have a remarkable agency, paralleled 
probably by no other one in the world, where aid is ex- 
tended not only to the recognized designers and to those 
that have been longest in service and whose product has 
been longest under study and has been perfected grad- 
ually and persistently, but where the radical designer 
also has a wonderful reception and is not only encouraged 
and sympathized with, but given every possible aid. I 
have known of photographs being taken especially for 
designers so that they could have the benefit of the very 
latest developments in the particular line in which their 
endeavor lay. 

It is, I think, beyond the knowledge of the lay engineer 
how completely Colonel Bane’s wonderful organization 
has been developed, how he inspires his men, extending 
this even to the workers outside, and how broad and per- 
fectly just it appears to those who have to deal with it. 
We now learn again from Captain Hallett’s paper how 
extreme performance is not demanded in early attempts 
and how the designs are treated sympathetically, working 
toward the proposition of determining first the sound- 
ness and ultimate utility of the principle. I think this 
stands in rare contrast to the treatment that some de- 
signers have received from other quarters. I, for one, 
think that everything should be done to strengthen the 
organization at McCook Field. It is in good hands, the 
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appropriations there in all probability reach farther and 
it accomplishes more than any similar organization. 
There is no organization in Europe that has attained the 
accuracy of bomb-dropping, the perfection in photogra- 
phy, and the ceiling that McCook Field has attained; 
or that has been as bold and progressive in a great many 
lines and as willing and daring to try even extremely rad- 
ical things. In some cases these are successful and in 
every case they are extremely useful in teaching us what 
not to do, which every engineer knows is almost equally 
as valuable as finding out what to do. I think that as a 
body we should thank Colonel Bane and his whole organi- 
zation to the very best of our ability and extend to them 
every support. 

PROFESSOR WARNER:—Mr. Crane expressed by views 
perhaps better than I could myself, relative to the bal- 
ance of justness and the accuracy of the balance that is 
being struck by the McCook Field organization at pres- 
ent. I hope I was not understood as offering any criti- 
cism of that or of any other present organization. I said 
rather that before any change is made in either of the 
two directions I suggested, we should consider very care- 
fully what the desirable change is. 

What I desired to emphasize mostly is the necessity 
of the development work, the necessity of sympathy be- 
- tween the Government and the industry and of an edu- 
cated personnel in the industry in the development of a 
new type. I know of several airplanes used during the 
war that, according to records which we have received 
since the war, were very unsatisfactory when first 
brought out and did not really become satisfactory air- 
planes for pursuit use, although they were later among 
the best on the front, until they were modified and re- 
built 20 to 30 times. 

If airplanes are to be designed by the manufacturer, 
if he is to do anything except produce them, it is neces- 
sary that he be in a position to undertake some of that 
modification. Of course, the present situation in the 
airplane industry is very unfortunate. I think Chairman 
Clark will bear me out in saying that the ideal condition 
would be one in which an order for an airplane, when 
given to a manufacturer, could be carried through by 
that manufacturer to the point where he considered the 
machine as satisfactory; in which he could do a large 
part of the experimental work and then put the ma- 
chine out with a guaranteed performance and declare 
that it was satisfactory to him, instead of, as at present, 
having to receive an order for an airplane that has never 
been built, on the basis of design alone, and to submit 
that airplane which, as a rule, never has been flown be- 
fore it gets into the hands of the Government. 

That is the one point where we might perhaps hope 
for a better balance in the experimental work. It is a 
point regarding which it is very difficult to see any prac- 
tical improvement at present. None of the manufac- 
turers of airplanes is able to undertake that experi- 
mental work under present conditions; it has to remain 
in the hands of the McCook Field personnel. Some diffi- 
culty to the manufacturer in keeping in touch with the 
changes made and in incorporating what proves desirable 
in later design is likely to result. As has often been the 
case, a manufacturer may have to change from a pursuit 
machine to a day-bomber and then back to a ground- 
attack type, instead of taking a pursuit machine and 
being able to develop it himself, carrying it through half 
a dozen constructions, as has often proved desirable. It 
is necessarily difficult for the designer to profit fully by 
the results of experience with his designs in flight. 

I think that is the one point in which a change in the 
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present system might be made profitably. Recent prac- 
tice in Government work has been somewhat in the direc- 
tion of allowing the designer more freedom in profiting 
by the results of experiments on his productions, in allow- 
ing him to continue to build other machines that incor- 
porate improvements suggested as the result of trials of 
first types. 

Mr. CRANE:—Professor Warner should not have 
thought that I was attempting to criticise his remarks. 
I was only trying to amplify them. However, his later 
remarks are along a line that is also extremely close to 
my heart. I think that his ideas are being worked out 
at McCook Field now as well as is feasible under our 
system of handling appropriations by Congress. There 
are a great many builders who would like to work at 
double their present prices; in other words, they would 
like to take a guaranty contract if they could get an 
appropriation large enough to pay for two or three fail- 
ures before they came through with the final result. But 
under the scrutiny given all McCook Field contracts by 
more or less interested parties, it has seemed to be im- 
possible, I understand, to give contracts on that basis. 
It is a much better basis without a doubt. 

The size of this Country and the limited personnel that 
is available now in the airplane plants result in very 
serious lost motion between the designing and the de- 
velopment testing. The testing is bound to cover very 
considerable periods of time and it is impossible for the 
designer to spend adequate time at McCook Field when 
his factory is somewhere else; he has to be at home and 
active on his other work. This forces him more or less 
to take the printed or typewritten word on the results of 
tests, or information given him verbally after the tests 
have taken place. This prevents his seeing the actual 
results and is undoubtedly a very serious handicap. 

The other handicap, an endeavor to overcome which 
was made during the war, is the year-to-year appropri- 
ation that makes it difficult to give a long-term develop- 
ment-contract to anybody with any certainty of it being 
supported through to the end. I do not know whether 
we can obviate those difficulties with our present system 
of Government, but I do know that in the last 2 years 
McCook Field has succeeded in overcoming one by one 
very many of the worst of the difficulties. They are not 
overcome entirely yet, by any means, and it probably will 
be impossible to do so under peace-time conditions. 

FREDERICK E. Moskovics:—It seems:to me that there 
is something to guard against in Professor Warner’s sug- 
restion regarding the latitude to be allowed to the in- 
dividual manufacturer for experimenting. I think there 
is much to be done in educating the individual manufac- 
turer who is experimenting as to just what he should do. 
I recall vividly an incident that took place at McCook 
Field during the war, when one of these experimenters 
brought a new airplane there for a flight test. When the 
McCook Field authorities proposed to sand-load the wings 
and test it, the airplane representative immediately went 
to Washington to protest to a certain senator that Mc- 
Cook Field was going to “bust up his plane.” They sent 
a commission down there; the Military Affairs Commit- 
tee of the Senate took the matter up and almost peremp- 
tory orders were sent down there to let this fellow fly his 
machine without sand-loading. He was supposed to have 
done a certain amount of experimenting. Glenn Martin 
and others talked for hours with the pilot who was to fly 
the machine and begged him not to. We all talked with 
him and said it was absolutely sure death. The machine 
did everything in the air that the McCook Field author- 
ities had predicted it would do, and the pilot was killed 
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within 3 min. after the plane left the ground. There is a 
perfect illustration of letting a jackass do his own ex- 
perimenting, without some check upon him. 

Mr. SPERRY :—I do not believe in too much private ex- 
perimenting with airplane engines, using Government 
funds. I can understand the lure of doing one’s own 
experimenting, but where is the superman who can pro- 
duce results comparable with those that are produced 
when the same machine is taken to McCook Field for 
test, where it is brought immediately under the observa- 
tion of 20 experts instead of one. These can look at it 
from as many different standpoints and can give advice 
for improvement along many lines, thereby tremendously 
accelerating the development. I firmly believe that the 
system that is being pursued has very many advantages, 
and that it should be continued until some better method 
has been found. 

PROFESSOR WARNER:—The solution for preventing the 
type of accident that Mr. Moskovics mentions seems to 
lie in having a trained personnel in the industry; the 
securing of engineers who know something about their 
work before they are turned loose to experiment. I think 
no one would advocate letting anybody who wants to do 
so build an airplane and then have the Government fly it; 
but I do think that the industry ought to be encouraged 
to build up and keep up that organization of aeronautical 
engineers that was started during the war, and to secure 
trained men who are capable of conducting experiments. 
McCook Field certainly ought to continue; it would be 
absolutely disastrous if it were to cease its work of sand- 
loading the wings and of making investigations of air- 
planes. However, there are some things we cannot calcu- 
late. The maneuverability of airplanes is one of those 
things. No one appears to know really at present whether 
an airplane will be maneuverable or not, when it is 
started. The only way you can tell is by trying it out. 
For example, in the case of the machines that I spoke of, 
where it was necessary to destroy and rebuild 20 to 30 
times before a satisfactory machine was secured, it was 
necessary to rebuild these machines to improve things 
that could not be calculated in advance. 

It is a legitimate thing, it seems to me, for experi- 
ments to be conducted by the manufacturer, provided he 
has a competent, trained personnel of his own. You are 
dealing with a very difficult thing when you are trying 
to build an airplane at points 1000 or 2000 miles apart; 
there is a great amount of lost motion in calculating the 
tests on planes that have been redesigned. 

Mr. Moskovics:—The point that Professor Warner 
brings up, goes without saying; but who is to determine 
the capabilities of this experienced designer? As to the 
ability of a manufacturer to do a certain amount of ex- 
perimenting, I was impressed recently at Port Washing- 
ton while watching a flight of a Loening seaplane, the 
first monoplane seaplane Mr. Loening built in regular 
production. The machine was developed by Mr. Loening’s 
experiments. 

If McCook Field could keep in intimate contact with 
other research fields, I would say that nothing should be 
left undone that could be done in that line and that it 
would be a great step in the right direction. 

PROFESSOR WARNER:—Mr. Moskovics has, I think, an 
excellent illustration of the value of experimenting with 
a competent personnel. The man who is constructing for 
the Government shou!d be authorized to do Government 
work. As to the agency to select competent workers, I 
think McCook Field is in a better position to say whether 
or not it would be safe to fly the machines. The author- 
ities there are the most competent judges. 


Mr. CRANE:—I think McCook Field found during 1918 
and 1919 very clearly what they were up against; that 
the outside designers would take an order for a fighting 
machine like the pursuit-plane and not try to consider 
what a pursuit-plane is for. They took a certain set of 
written rules and went ahead. The main idea in those 
days was that if you got speed enough and a rapid enough 
climb, that would secure an order. At that time there 
was no way of getting a really good all-around fighting 
machine in this Country, because there was no designer 
in the field outside who knew what it was or seemed to 
care what it was. 

All of the early machines that came to McCook Field 
were lacking in every detail of a good field-machine ex- 
cept possibly speed and climb. The engines were not 
accessible; it was impossible to do the most ordinary 
work on them; the machines were difficult to set up and 
take care of, and in most cases you could not fire a gun 
successfully out of any one of them, which of course was 
the final and limiting objection. Since that time McCook 
Field has been more and more willing to work with the 
designer who is willing to try to work out their problems 
for them. They are striking the happy medium between 
discouraging the outside designer who simply has some- 
thing to sell, or a weird idea that has murderous possi- 
bilities, and the other designer who will really aid them 
in their work. They have gradually modified their sys- 
tem of contracting until it is about as good, I think, as 
it can be at present. 

Mr. Moskovics mentioned the Loening organization. I 
know the form of contract it has taken in recent years. 
The contracts have been of a continuing nature; that is, 
for four or five machines of a given type, no two of them 
alike, or ordered for and delivered at the same time. 
This has given an opportunity to modify each machine 
from the results of the one preceding. 

To revert to war times, a special dispensation was 
made in the case of the Loening organization on sand- 
loading. I think that had never been done before. But 
McCook Field very wisely provided the first sand-loading 
test on the wings, with the idea that those wings were 
an entirely experimental set and should be tested properly 
under the supervision of the designer and his men. The 
wings stood up well, but one metal fitting crumpled up, 
which would have caused a serious accident in the air. 
But the deflection of the wings that occurred during dif- 
ferent stages of the sand-loading under the supervision 
of the designer permitted him to modify the design and 
obtain a factor of safety something like 15 per cent 
higher, with no added material at all. It was a point that 
could not have been covered in previous calculations. 

What we are doing is part of the education of the out- 
side personnel, and it is a very important part. The air- 
plane is the toughest problem we have today, for the 
reason that it is an assembled machine, and a machine 
in which the correct assembly is of the utmost import- 
ance. Our best motor cars are practically designed com- 
pletely and constructed in individual plants. The as- 
sembled cars are never in the same class in efficiency. 
The airplane is still an assembled proposition. In design- 
ing a new airplane for the Government, one result is that 
we cannot reasonably expect the installation to be good 
on the first one. The attempt to take the time required 
to work out the installation to the last little details on a 
drawing-board, on a machine as complicated as an air- 
plane, would be time wasted. The most important thing 
on the first design is to have it strong enough, and to fly 
it and determine that the general type is suitable, that it 
has the basic fundamental requirements that justify the 
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development expense. When that has been done, by pre- 
liminary experimenting and preliminary sand-testing, 
and with those samples on hand that you can measure up 
and on which you can shift parts about, you can deter- 
mine the desirable modification in structure. 
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Any other system than that is béund to result in a 
junk-pile that is all out of proportion to what we ought 
to have, or else a line of service machines that are really 
entirely unserviceable compared to what they might be 
under other conditions. 


OVERHEAD-CAMSHAFT PASSENGER-CAR 
ENGINES 


BY P. M. 


HE gradual trend toward overhead valves in auto- 


mobile engines, as indicated by an increase in 
their use on American cars from 6 per cent in 1914 
to 31 per cent in 1922, has been accelerated, in the 


opinion of the author, by their successful application 
to aircraft engines and by the publicity given them by 
their almost universal adoption on racing machines. 
Tractor engines recently brought out show the advan- 
tage of this construction. Methods of operating valves 
in the cylinder-head; the advantages of the valve-in- 
the-head construction as regards the form of combus- 
tion space, engine cooling and high-speed operation; 
the reason for using an overhead camshaft to operate 
the valves on racing engines, the question of noisy 
operation and the possibility of having an overhead 
camshaft engine operate as quietly as one in which the 
camshaft is enclosed in the crankcase; the location of 
the drive in the various foreign engines of the over- 
head-camshaft type; the silent operation that is pos- 
sible with a rear drive; the use of chains and spur, 
helical, worm and spiral bevel gears for the camshaft 
drive, with the advantages and disadvantages of each 
method and descriptions of specific applications; and 
some radical designs of overhead camshaft drive and 
valve-actuating mechanism that have been developed 
abroad are among the topics discussed. The three 
methods of operating the valves: (a) directly through 
the action of cams on followers secured to the end of 
the valve-stem, (b) through the interposition of single- 
armed levers or adjusting blades between the cams 
and the valve-stems, and (c) by the use of tappet 
levers, are also outlined with particular reference to 
the specific applications of each. Numerous illustra- 
tions supplement the text. [See June issue.] 


THE DISCUSSION 


F. E. Moskovics:—As to the difficulty in the direct 
application of the cam, is not the chief difficulty due to 
the thrust on the stem rather than to the clearance? I 
have had considerable experience in that work. I have 
had the benefit of investigating practically all of the rac- 
ing cars of foreign makes that come to Indianapolis for 
the 500-mile cup-race. That can be illustrated best by 
the lengths to which both the Peugeot and the Ballot de- 
signers have gone. They use a hardened cup that fits 
over the top of the stem, and that cup is in a guide which 
carries the thrust entirely free from the stem. Louis 
Chevrolet also uses a similar form. 

I think there is no possible question that, from the 
technical standpoint, the overhead camshaft has certain 
advantages, but it is difficult to drive it. Chains cause 
trouble due to stretching. The bevel-gear thrust can be 
balanced but it is a pretty exact piece of work. All of 
these troubles are eliminated in the well-designed, well- 
built spur-gear drive. 

One point that Mr. Heldt’s paper did not bring out 
strongly enough is the service problem. The passenger- 


car engine, be the design ever so good, does occasionally 
It must be demounted and mounted 


become carbonized. 


HELDT 
again. I submit that, placed in the hands of the ordinary 
small-town garage-man, demounting and remounting and 
timing of an overhead-camshaft job is a vital problem in 
itself. 

The conventional location of the camshaft in the engine 
has one other advantage in that it is in a large mass in 
the engine which you might say is an automatic muffler, 
for the noise of the camshaft is mingled with the other 
noises in the crankcase. I know of no place that is a 
better sounding-board for noises than the head of an 
engine that has a thin light covers We have tried all 
sorts of things to deaden these noises, but it is just about 
one of the best drums for noise that there is. I believe 
the problem of the lubrication of the bearings of the 
rocker-arm type can be eliminated. I think almost every 
maker has succeeded in bringing oil up there now by 
using pressure; that is the general practice. 

H. M. CRANE:—I will not attempt to speak for any 
particular type of engine, but a progressive history of 
three different types that I have been able to go through 
with myself is interesting. We first built some L-head 
six-cylinder engines of 4-in. bore and 5-in. stroke. Subse- 
quently, we built push-rod overhead-valve engines of the 
same dimensions. During the past year I have been 
operating an overhead-camshaft engine of 414-in. bore 
by 5-in. stroke. I will state briefly the relative qualities 
of those three engines. I think that the mean effective 
pressure can be made almost the same in all of them, but 
the L-head engine is much more prone to detonation, not 
of an order that possibly causes loss of power, but of an 
order that is very unpleasant to the driver and will cause 
him to retard the spark to prevent it and thus reduce the 
power. On the other hand, the L-head engine has a dis- 
tinctly greater turbulence, which gives the advantage of 
a shorter spark-advance, the difference being that with 
the L-head engine a spark-advance of 25 deg. on the fly- 
wheel is ample for engine speeds up to 2400 r.p.m., while 
with the overhead-valve engines using two spark-plugs 
per cylinder from 30 to 35-deg. spark-advance is required 
to obtain the same results. 

The interesting thing about the first overhead-valve 
engine that we built using push-rods is that it seemed to 
be quieter per se than a similar L-head engine. This 
may have been due to the form of the cylinder-head. In 
our experience the most difficult noise to contend with is 
caused by the seating of the valve. If it seats slightly in 
a diagonal way so that the stem slaps across, or if the 
seat has a sounding-board effect, the noise is very con- 
siderable. The opening of the valve, compared with this, 
is almost noiseless. The overhead-valve cylinder-head 
construction, with its heavy water-jacketing and stiff 
ribbing, seems to help the deadening of the exhaust-valve 
sound. 

In our push-rod job we used cylinder-heads in two sets 
of three each, which of course is very easy to do in an 
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engine of that type. With the overhead-camshaft job it 
was obvious that the only real good way to do is to use 
a single cylinder-head, and there we find the chief advan- 
tage of the overhead-camshaft job as a practical thing. 
Mr. Heldt speaks of this in his paper and I think it is an 
excellent way of deciding on an engine; that is, which is 
the easier to take care of. 

The overhead-camshaft engine cylinder-head on this 
rather large engine weighed about 135 lb. That is not a 
one-man job to dismount. Evidently it needs at least 
two men, and it is apt to require a chain-hoist. On the 
other hand, the heads of the cast-in-three cylinders, using 
rocker-arms and push-rods, weighed about 45 lb. each. 
It is a very easy one-man job to dismount. It is also easy 
to handle on the bench for grinding valves and has every 
advantage. 

Our experience on cylinder expansion on this engine, 
which of course is of a moderately short stroke, indicated 
that it was wholly possible to figure on not over a 0.01-in. 
maximum variation on the inlet-valve side, if any means 
were taken to see that the push-rods are warmed propor- 
tionately to the cylinders to some extent. We have found 
again and again that it is possible in modern cam design 
to provide for such a variation in expansion without 
affecting the rate of opening and closing. I think this is 
the type of design that is called using a ramp on the cam. 
The principle is to determine a range of angle on the cam 
through which the speed of action of the lifter is the 
same, and if that is done it is obvious that no matter at 
which point the cam takes hold, the shock of the blow or 
the shock of the valve seating is the same. We have used 
that arrangement on exhaust-valves and found no diffi- 
culty at all from timing variations. 

When you add to the lack of accessibility of the over- 
head-camshaft engine the difficulty of making the drive 
quiet, in the first place, and keeping it quiet afterward, 
I cannot see that there is any chance for argument at all 
in the passenger car. That is partly because I have al- 
ways been an advocate of slow-speed engines, and still 
am. I think that the passenger-car engine of the most 
efficient type is one that reaches its peak at about 2400 
r.p.m. or possibly 2500 r.p.m., and any attempts to make 
a quiet engine capable of running very much faster will 
meet with very little success; in fact, if you wish a very 
high-speed engine and want to have it quiet, I am inclined 
to think that the L-head engine is the most suitable form. 
I believe that you can make the parts for suitable bearing 
areas lighter in an L-head engine than you can in any 
form of overhead-valve engine. With a moderate speed 
for the engine it is possible to use large bearing areas 
with large oil-films and, when that is done, I have no 
hesitation in saying that an overhead-valve engine can be 
made that is to all intents and purposes absolutely silent 
so far as the valve operation is concerned, but it is bound 
to be the result of a strenuous course of development. 

The difficulty of predicting what the result will be with 
any form of cast aluminum and cast-iron and forged 
metal construction, as to its acoustic or sounding-board 
effects, is such that we do not know anything about it. 
We all know that the Cadillac engine is surprisingly 
quiet, considering the excessive pressure of valve-springs 
used and the fairly good weight of the parts. Examina- 
tion of the design does not give any hope on the face of 
it that it should be quiet. The valve-operating mechanism 
is mounted on an excellent sounding-board, apparently, 
and there is nothing else there to give you the idea that 
it should be quiet; but I think actually it is extremely 
quiet in view of what is being done by the valve-operating 
mechanism. On the other hand, a design with very much 





lighter springs, lighter valves possibly, and smaller parts 
all the way through, may cause excessive noise because 
the parts happen to line up in about the form of a tele- 
graph sounder that brings the full amount of noise out 
of any mechanical slackness. 

J. G. VINCENT:—I wish to second everything Mr. 
Crane has said in regard to the characteristics of the 
three types of engine. It happens that I went through 
just about the same procedure about 2 years ago in ex- 
perimental work on the straight L-head, the push-rod- 
operated overhead-valve and the straight overhead-cam- 
shaft engines. 

Taking the overhead-camshaft job first, it seems to me 
it has been very well brought out what the advantages 
and disadvantages .of this type of engine may be. I 
think that lack of accessibility is the most important ele- 
ment working against this engine, and I believe that we 
must all take into consideration the service end of the 
business. Granting that you can make a quiet drive to 
the camshaft, there is one other point that I think is 
important. It is that the tappets and all the operating 
parts are right on top of the engine, where they certainly 
are easier to hear than when they are located down in the 
crankcase. 

In regard to the matter of losing the timing when you 
demount the engine, I think that is very important. In 
connection with the better location of the camshaft in 
the crankcase for lubrication, I think it gives the crank- 
case position unquestionable advantages, particularly as 
that is the easy place in which to drive the camshaft. 

When you come to the push-rod-operated job, so far as 
drive is concerned, it is exactly the same thing as the 
L-head engine; whether you choose to use spiral gears 
of some kind or a chain drive is another matter. Either 
job can be made good, but I believe that the chain gives 
the best results from the manufacturing point of view. 

So it seems to me that, as Mr. Crane pointed out, it is 
clear that it comes down to a practical point’ of view 
where any quantity of production is involved as between 
the L-head and the push-rod-operated overhead-valve en- 
gines. Undoubtedly, both those engines will be developed 
and used to a large extent, because they both have some 
advantages. Perhaps they can be made equally quiet. 
Of course, the L-head engine with the demountable head 
still has some advantage from an accessibility point of 
view, and the question I would like to raise is: Is it worth 
while? In other words, what do you really gain by put- 
ting the valves in the head? I have been unable to deter- 
mine any advantage, and I think there are many other 
things about the engine that can be worked on, that may 
give as much or more advantage. For instance, very 
careful attention to the carburetion will accomplish 
wonderful results. When you come to consider that the 
passenger-car engine is operating most of the time at a 
very small percentage of its maximum output, you will 
find that with the compressions you can use there is 
mighty little to be gained in either power or economy 
with the overhead type of engine. I was not able to ob- 
tain anything in excess of a 1-per cent advantage; so, it 
is very questionable in my mind, because the overhead 
valves add some weight to the engine, whether the small 
increase in efficiency will make up for the added weight 
you have to put in the engine. The best way to get 
economy is to reduce the weight and, as Mr. Crane said, 
use an engine of slower speed with a relatively moderate 
gear-ratio. It will be interesting to see which one of 
these two types of engine will succeed in the long run. 
Probably both will always be used. So far as I can see, 
however, the overhead camshaft cannot be manufactured 
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in quantities on account of the cost and the difficulty of 
making the job quiet. 

F. S. DUESENBERG:—In regard to the setting or the 
timing of the gears in the service-station, I believe that 
as we are building our engine at present there is less 
liability of getting the timing off than in any other type 
of engine, because we use the upper gears mounted in 
the head and on a vertical shaft that is driven by one jaw 
in such a manner that it cannot be put together wrong. 
If you take the head off, there is a possibility of turning 
the crankshaft over one complete turn, and in that way 
the ignition might have to be set but, so far as valve- 
timing is concerned, it is impossible to get that wrong. 
I really feel that there is not any disadvantage in this 
point. The quietness, of course, is something that needs 
to be considered, and I believe it is easy to get a rocker- 
arm or the overhead camshaft quiet, but of course the 
gear noises must be taken care of. I have been driv- 
ing a Willys car for the last year and I bought it to test 
out the gears. When I first got the car it was very noisy, 
but no adjustments have been made and, after 10,000 
miles, it has surprised me on account of absolutely losing 
all the noise it had when I first got the car. For this 
reason I feel that it will not be an impossibility to get a 
very quiet gear if it is properly made. However, I do 
feel that any gear that will be quiet after a few thou- 
sand miles of use is apt to be slightly noisy at the begin- 
ning, because it has to be set up very close. 

The accessibility of an overhead camshaft I really feel 
is rather better than it is with the other type of con- 
struction; it leaves the crankcase very free. In the ar- 
rangement that we have with the overhead camshaft, the 
gaskets bothered us at first on account of the variation 
in their thickness, but that was easily overcome and we 
have experienced no other trouble. We find it possible 
to take the present type of head off, grind the valves and 
have it back on the job in 2 hr. Two men can do that 
easily. The weight of the head is to be considered and 
does not make it as accessible or as easy as some of the 
other forms; our head weighs 140 lb., complete. 

I might cite an experience that Bill Murphy had in a 
race at Los Angeles about a year ago where they had 
four heats in the final. Murphy burned a valve in the 
first heat; he tried to run the second heat and found his 
carburetion was unsatisfactory, so he stopped and took 
the head off. He had a new head without a camshaft; so, 
he removed the camshaft from the old head, put it into 
the new one, put the head back on and had the engine 
running in 32 min. from the time he stopped. In the 
next heat, he broke the world’s record by 3 m.p.h. This 
incident shows that those things can be made very ac- 
cessible and very easy to handle. I feel that the com- 
bustion-chamber on an overhead-camshaft engine can be 
made so clean and so easily that it really is a good pro- 
duction job, but I think that a little greater accuracy is 
necessary if you use the gear drive than if a chain drive 
or the ordinary L-head is used. 

R. ABELL:—Mr. Duesenberg’s experience and my own 
have been about the same in regard to the overhead- 
camshaft engine; namely, that the dismounting of the 
head and valve mechanism and its replacement is a shorter 
job than with any other type of engine. With a helper, 
I have taken the head off of my engine, removed the cam- 
shaft, inspected the valves, reassembled the head, timed 
and adjusted the valves and had the engine in operation 
again in less than 1 hr. The principal difficulty has been 
with gear noise, but it has been amply proved in quan- 
tity production that this feature has been overcome and 
that overhead camshafts are now remarkably silent. I 
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think the important thing in the design of the overhead- 
camshaft job is to make the adjustment very accessible; 
in other words, to have a cover-plate removable from the 
front so as to expose the entire drive in order that fine 
adjustments can be made easily, with good opportunity 
to examine the meshing and lost motion of the gears. If 
the noise is more than is desirable with a new set of 
gears, a slight amount of use will indicate the adjust- 
ment required and, as adjustment is permitted with this 
type of drive, it is important to have the adjustments 
as accessible as it is possible to make them. 

In most overhead-camshaft engines, to make adjust- 
ments of the lower gears it has been necessary to dis- 
assemble the entire engine and then work in the dark; 
so, in an economical production design, it is very im- 
portant to provide for accessible adjustment at this point. 

R. E. FIELDER:—I have listened with great interest to 
Mr. Heldt’s paper. Certainly its discussion is most 
illuminating. The point that strikes me most forcefully 
is the fact that, even at this rather late date, the poppet 
valve and its method of operation are still far from 
perfection. As a matter of fact, there seems to be a 
very general disagreement in regard to certain 
trolling design factors. 

Nearly all the speakers have referred to certain dis- 
advantages that are inherent in the various types of 
poppet-valve construction, and one instinctively wonders 
why it is that designers tolerate the disadvantages that 
they have mentioned, the most important of which are 
noise, inaccessibility and difficulty of assembly and of 
adjustment. Certainly, these disadvantages are not 
found with the sleeve-valve type, the pocketless combus- 
tion-chamber, simplified cylinder construction and ac- 
cessibility of which stand out so prominently. 

D. B. WEBSTER:—One of the cases cited in Mr. Heldt’s 
paper is that the Leyland eight-cylinder-in-line engine is 
designed with a camshaft operated by connecting-rods. 
That seems to me to offer a way out of the gear noise. 
Has anyone had any experience with that type of opera- 


con- 





tion? Are there some objections to it that wé have not 
heard of? 
Mr. DUESENBERG:—The rod type of control shown on 


the Leyland engine has been experimented with by sev- 
eral people. It was tried out a few years ago by one of 
the Western engine makers and it was found absolutely 
impossible to use it with a separate head construction. 
The change of the gasket or the variation that occurred 
in the engine when it was taken down was such that the 
distance in length would change and the rods could not 
be changed, and there was no way to get them adjusted 
properly so that they could be operated satisfactorily. 

P. M. HELDT:—That is being taken care of in the 
Leyland engine by using a short shaft. The connecting- 
rods do not drive directly on the camshaft, but to a shaft 
that has an Oldham coupling connected with the cam- 
shaft. 

A. L. NELSON :—With regard to comparing the L-head 
and the valve-in-head engines, I think most of us will 
agree that very fine results have been obtained by both 
types so far as present-day practice is concerned. It is 
my belief that the requirements of today must be set 
aside in the light of the great advance that has already 
been made in the way of providing fuel “dope” that 
makes practicable the use of compression-ratios of about 
7 to 1. To obtain an appropriate combustion-chamber on 
an L-head engine having a high compression-ratio, to- 
gether with reasonably large valves, is an exceedingly 
difficult matter when giving due attention to port areas 
that permit the attainment of a fairly good volumetric 
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efficiency. We have observed very often an actual loss 
of power in experiments when the compression of L-head 
engines was increased. This we know is contrary to 
what should be expected. Invariably it is found that the 
charge is throttled on entering the cylinder. This 
throttling of the charge accounts for the lack of increased 
power. 

In the case of the valve-in-head engine, the compres- 
sion-ratio can be increased readily without throttling the 
charge. It is thought that designers should bear this 
important consideration in mind when looking into re- 
quirements for the near future. In short, the valve 
disposition that is universally approved in aviation- 
engine work should eventually become the universal prac- 
tice in the high-efficiency engines that we will be called 
upon to produce in the near future. There appears to 
be no room for doubt that the highest economy, with 
the least amount of detonation or fuel knock, will be 
obtained by adopting valve-in-head engines. 

Mr. HELDT:—I can say only that there seems not to 
be very much sympathy for the overhead-camshaft engine 
among the scientists here. I have followed foreign peri- 
odicals pretty closely and have noticed that very many 
patents have been taken out on different constructions. 
If the overhead-camshaft engine is adopted here, I think 


it will be for the higher grade of cars where the cost of 
construction is not so very important. I believe it is not 
the proper kind of construction to be incorporated in a 
low-priced car. 

A. C. WoobpBuRY:—A simple way to secure different 
periods of valve-opening from the same cam where a 
roller cam-follower is used is by varying the size of the 
roller. As an illustration, let us assume that it is desired 
to hold the exhaust and the inlet-valves open through 
periods of 230 and 215 deg. respectively, 115 and 10714 
deg. of camshaft motion, and that the valve-stem clear- 
ance is to be 0.020 in. With a straight-sided cam, a 114-in. 
base-circle and a 7%-in.-diameter roller for the inlet-valve, 
the angle between the two sides of the cam would be 
about 67 deg. On the same cam a 2-in.-diameter roller 
would produce the 115-deg. opening period required for 
the exhaust-valve, with the same lift as the inlet-valve. 

So far as valve-timing is concerned, the slipper of the 
Leyland engine would act the same as a roller and the 
opening periods can be varied by changing the distance 
from the pivot-pin to the slipper face, but from Fig. 19 
of Mr. Heldt’s paper it appears that there is no such 
difference between these dimensions on the two slipper- 
blocks as would be required to make the customary dif- 
ference between the two valve-opening periods. 


DETONATION CHARACTERISTICS OF SOME 
BLENDED MOTOR-FUELS 


BY THOMAS MIDGLEY, JR. AND T. A. BOYD 


7 effects of admixtures of various percentages 
of alcohol and alcohol-benzene mixtures for reduc- 
ing the detonating tendency of paraffin hydrocarbons 
have been measured by the authors. These results rep- 
resent an extension of previous work in which similar 
determinations were made for benzene and other aro- 
matic hydrocarbons. The bouncing-pin apparatus was 
used for making the determinations. The data ob- 
tained by its use are considered to have a high degree 
of accuracy. 

In order that the effects of the blending materials 
might be measured through as wide a range as prac- 
ticable, they were blended with kerosene for making 
the majority of the determinations. This made it pos- 
sible to ascertain the characteristics of the materials 
up to a concentration of 80 per cent of benzene or 50 
per cent of alcohol without introducing the difficulties 
due to excessively high engine compression. Because 
xylidine has the property of exerting a powerful sup- 
pressing action on detonation when present in a fuel in 
percentages that are relatively very small, the stand- 
ard used as a basis of comparison in the tests was 
composed of small percentages of xylidine in the par- 
affin fuel. Tables and curves are appended that show 
the results of the tests in detail. [See June issue.] 

THE DiSCUSSION 

PRESIDENT B. B. BACHMAN:—It seems to me that Mr. 
Midgley has shown that the dilution of kerosene with 
benzene is more effective than the dilution of high-test 
gasoline with benzene. Is that correct? If so, why? 

THOMAS MIDGLEY, JR. :—Yes, the curve as plotted shows 
the increase of compression pressure that the fuel would 
stand. The benzol originally would stand a compression 
pressure of 50 lb. per sq. in. and the commercial benzene 
20 lb. per sq. in. For sake of argument, let us say that 
the kerosene will now stand 70 lb. per sq. in. The incre- 
ment is not so great and, as the fuels get better, the 
increment apparently decreases. 
P. J. DASEY :—Do the increments of compression shown 


on the right-hand side of Fig. 2 in the paper indicate an 
addition to the normal compression, on the basis of cal- 
culation? What is that basis of calculation? 

Mr. MIDGLEY :—In this particular engine the compres- 
sion pressure is 52 lb. per sq. in.; in the case of gasoline 
it is 75 lb. per sq. in., or thereabout. It is the increment 
to whatever the fuel stands. 

Mr. DASEY:—I noticed that they all started from a 
common point. 

Mr. MIDGLEY :—Yes. 

Mr. DASEY:—It is interesting to have that basic com- 
pression pressure put in. 

Mr. MIDGLEY :—It is difficult to get a reading that is 
really accurate or to state the compression pressure that 
the fuel will stand, or the pressure ratio, for the reason 
that when the engine starts you get a certain value; to- 
morrow you get a different value; and the next day still 
another value. You can get any value for any set of 
barometer readings, carbon deposits or temperature read- 
ings. It is affected by the smallest thing. You cannot 
take a reading and say, “That is it.” The increments 
depend upon the relation between the different fuels, one 
being much better than another. That is the difficulty 
of getting down to an accurate basis. 

HERBERT CHASE:—What method did Mr. Midgley fol- 
low in setting the spark when measuring detonation? 
I ask this because detonation is known to vary consider- 
ably with the spark position. 

MR. MIDGLEY :—We set the spark, roughly, at the point 
of maximum power. On the other hand, when comparing 
two fuels, the spark-advance was the same for both; so 
that the effect is cancelled. If the spark were wrong for 
one, it would be wrong for the other; the method is 
essentially a comparison of two fuels, one being a stand- 
ard of some sort. The actual readings show the relation 
between two fuels; the spark-advance is kept precisely 
the same in making the comparison. 
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AIRPLANE PERFORMANCE FORMULAS 


BY EDWARD P. WARNER 


ERODYNAMIC analysis relates mainly to questions 

of performance and stability, the latter including 
both maneuverability and control, but the designer’s 
problems concern chiefly the prediction of the best pos- 
sible performance. Accurate analysis, which would in- 
clude a summation of the elemental resistances of an 
aircraft part by part and the making of many correc- 
tions, supplemented by tests of models in a wind-tun- 
nel, involves much labor and expense. 

When a preliminary choice of dimensions and speci- 
fications for a new type of an airplane is to be made or 
there is a question of the performance attainable with 
a given load and power, a shorter method becomes nec- 
essary. This is to be found in the derivation of sim- 
plified formulas and graphs. 

The author illustrates by examples the process of de- 
riving these formulas and considers in turn such ele- 
ments as minimum and maximum speeds; climbing 
ability and the conditions under which an airplane will 
have a zero ceiling, that is, the limiting conditions un- 
der which flight is possible; rate and angle of climb, 
the latter controlling the possibility of getting out of a 
small field over a barrier; and the best ceiling possible. 
Under these heads he takes up such questions as fine- 
ness, which is the ratio of the parasite resistance to 
the wing area; and lift, weight and power and their 
relations in determining the various coefficients which 
are used. Values obtained theoretically from the for- 
mulas were checked by comparison with those of about 
50 airplanes of various types of which the measure- 
ments and performance are known and application is 
made to specific examples. Numerous curves show the 
relation of the various coefficients that enter into the 
design and performance of the airplane. [See June 
issue. } 

THE DISCUSSION 


CHAIRMAN V. E. CLARK:—In connection with Pro- 
fessor Warner’s curves on rate of climb and ceiling, he 
uses the pounds per horsepower times the square root of 
the pounds per square foot; in other words, the second 
member of the expression is \/(W/S). Did Professor 
Warner try to introduce into that (W/S)Ky instead of 
using \/ (W/S), where Ky is the maximum lift-coefficient 
of the particular wing-section and the particular ar- 
rangement as indicated in wind-drag experiments? If he 
did try that, did the points come any closer to a common 
curve? 

PRoF. E. P. WARNER:—I did not try that out because 
I was trying for the simplest possible formula for a pre- 
liminary prediction. There is no doubt that (W/S)Ky 
would give a simpler calculation. We find that the ma- 
chines with thick wings, those having the higher maxi- 
mum wing coefficient, give a higher ceiling and those 
with the lower wing-curves give a lower ceiling. That 
was as close as we could get it without going outside 


those three factors mentioned. An American engineer 
has derived a formula for maximum speed that does take 
this factor into account and appears to give closer results 
than either this formula or any other that I have ever 
seen, although I have not checked it up with as many 
machines as I had here. 

H. M. CRANE:—I am not educated to the point of being 
able to discuss this formula or any of these formulas 
from the theoretic basis on which they are worked out, 
but I do want to speak in appreciation of the type of 
thinking and the type of work that have been done in 
this paper. It is a very great thing for the average 
engineering layman to have placed before him in such a 
simple form the whys and wherefores of airplane perform- 
ance without going into a long series of calculations. 
This is the simplest presentation I have seen, and I think 
that from that point of view it is a very valuable con- 
tribution, entirely regardless of its effect on the airplane 
designer who may use it to make a quick stab at the 
general proportions of a machine he is working on. It 
goes much farther than that; it allows the ordinary man 
who is not doing any of that sort of work to get a fair 
idea of why one machine does certain things and another 
machine does something entirely different. I am sure 
the paper will be of great value to the members of the 
industry who are interested only casually in airplane 
designing. 

FRANK C. MocK:—Why does not the parasite resist- 
ance cut down the ceiling? If it slows down the plane, 
it certainly will cut down the climb. 

PROFESSOR WARNER:—That is true; it does cut down 
the ceiling. I did not mean to convey the contrary im- 
pression. At minimum speed the wing-drag is much 
greater in comparison with parasite resistance than it is 
at maximum speed, though the parasite resistance is 
apparently of less importance. In maximum speed, the 
parasite resistance is the big thing. The machines that 
go to the right of the maximum-speed curve are those in 
which every effort has been made to eliminate the ex- 
ternal bracing resistance. Those that are off to the left 
of the curve are those that, like the JN-machine, have a 
large amount of external bracing. 

I specified that the exponent used in that curve, if we 
reduce it to equation form, is 0.39. It is changed to 0.39 
empirically, as the result of the plotting of the actual 
points; because, as a rule, the high-speed machines have 
a lower parasite resistance than the low-speed machines. 
Occasionally, however, we get a low-speed machine, such 
as the Junkers, that has very little parasite resistance. 
Then the formula gives results that are relatively bad, 
but even under such conditions the error resulting from 
the use of the formula is not over 10 per cent. 
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Progress of the Research Department 





By Dr. H. C. Dickinson! 





R. DICKINSON outlines the history of the Re- 

search Department since its organization, indi- 
cates why the universities are the principal bases of 
operation for pure research, describes how the depart- 
ment functions as a clearing-house with regard to re- 
search data and comments upon the bright prospects 
for the future. He enumerates also the facilities the 
Research Department has for the coordination of re- 
search problems. 

The practical achievements of the Department have 
resulted from its recent concentration upon the three 
major projects of study with regard to the tractive 
resistance of roads, with reference to fuel and to test- 
ing programs, and of an effort to render financial 
assistance to the Bureau of Standards and the Bureau 
of Mines that would enable these Bureaus to continue 
their elaborate research programs, details of all of 
this work being included. 

Supplementary road tests now being conducted by 
nine different automotive-vehicle companies are out- 
lined, and the factors governing the selection of fuels 
for test purposes are stated and commented upon. 


ciety in New York City, the work of the Department 

was outlined by H. M. Crane, as Chairman of the 
Research Committee. The Department was then 4 
months old. Its program had been mapped out but little 
practical work had been done. The last 6 months have 
gone to show what the Research Department can do for 
the industry and how. 

The automotive industry is one of the three largest in 
the United States. It is generally admitted that the 
American designer is far ahead of his foreign competi- 
tors. America created the industry and still has the lead. 
It is an industry composed of talented young men, re- 
markable alike for adaptability and initiative, with no 
traditions or precedents to hamper their progress. It is 
intimately bound up with, and dependent upon, a num- 
ber of other great industries, being a very large con- 
sumer of iron, steel, gasoline and lubricants, rubber, 
paint, aluminum and all manner of accessories. If the 
source of supply of any of these materials fails, the auto- 
motive industry suffers a setback. During the war, when 
supplies of rubber, shellac and mica were controlled, and 
other commodities vital to our industry were hard to get, 
we realized, probably for the first time, our dependency 
upon other industries, and our general unpreparedness 
for abnormal conditions. Since that time, the engineers 
and manufacturers have taken a wider view. Realizing 
that a shortage of any one commodity may paralyze 
business, they engage research men to investigate the 
possibility of replacing that commodity by some other 
more plentiful material that will serve the purpose as 
well or better. Again, the automobile builder, antici- 
pating a possible shortage of petroleum products, sets his 
laboratory men to work on the investigation of other 
fuels to be used in place of gasoline, and, if he is very 
foresighted, sets his engineers to designing engines that 
will burn substitute fuels efficiently and economically. 


. e months ago, at the Annual Meeting of the So- 
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The two problems I have just cited are problems affect- 
ing the industry as a whole. In addition to such prob- 
lems as these, every manufacturer has his own particular 
problems, arising from his desire to make his product 
give better service than that of his nearest rival. He is 
constantly on the alert to develop new qualities that will 
make his car stand out as a good car. Any progressive 
manufacturer knows how necessary technical research 
is, if he is to make a success of his business. It is grati- 
fying to note how much interest the manufacturer and 
engineer are taking in pure research, by which I mean 
the conduct of investigations not so much for the purpose 
of obtaining practical and profitable results, as for the 
advancement of knowledge in one particular problem af- 
fecting the industry as a whole. But, unfortunately, 
very few companies are blessed with a vision of the fu- 
ture combined with a money surplus; the rest cannot 
afford to indulge in pure research, which offers no pros- 
pect of an immediate monetary return. 


PURE RESEARCH IN UNIVERSITIES 


The principal bases of operations for pure research 
are the universities. The university instructors and re- 
search men are actuated rather by a love of knowledge 
for its own sake than by any pecuniary gain that may 
accrue. Their pursuit of knowledge is an end in itself 
and not a means to an end. The results obtained by uni- 
versity laboratories are very wide in range and inesti- 
mable in value. While the main object of the univer- 
sities always must be instruction, the presence of active 
and enthusiastic resarch groups is an ideal, if not an 
essential, background for the training of young engi- 
neers. Many of the schools are suffering from a great 
handicap. Owing to the scarcity of good teachers and 
the large number of men seeking instruction of a more or 
less elementary nature, many of the best potential train- 
ing-grounds for research men tend to degenerate into 
mere technical schools imparting textbook information 
instead of principles, and giving too little individual 
attention to the students. Under such conditions research 
languishes, and the teacher loses his morale and becomes 
a teaching drudge instead of an intellectual leader. I 
cannot impress upon you too strongly the necessity for a 
constant supply of competent research engineers, well 
grounded in principles, to carry on the work of research 
in the industry. There can be no progress unless we have 
such men. It is to the universities that we must look 
for them. I would recommend that before the close of 
the school year, every man in the industry who employs 
young research engineers send a list of his requirements 
to a selected list of universities, so that he may have an 
opportunity of finding the type of man he needs. I have 
received a number of letters from young men, most of 
them completing a post-graduate course, keen research 
men with ability and enthusiasm, all wanting to know 
how they are to find an opportunity to turn their training 
to advantage. One of the larger British universities has 
an Appointments Board composed of professors and busi- 
ness men, whose task it is to keep in close touch with the 
industries and find out what positions are open for 
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trained technical graduates. Any young man about to 
graduate is at liberty to go before the Board and state 
his case. Since practically every one of the large indus- 
tries over there has established its research organiza- 
tion, the trained man is in demand, and none of the fine 
research material that the University produces is wasted. 


A CLEARING-HOUSE 


Turning from the worker to the more pertinent ques- 
tion of the work itself, a review of the research field 
revealed a number of organizations, both schools and 
manufacturing laboratories, all engaged in interesting 
investigations of their own, without any relation to one 
another. Every day valuable results were being obtained 
and only a few individuals were getting the benefit of 
them. Manufacturers were looking vainly for informa- 
tion that was available, but they did not know where to 
go for it. Over and over again work was being dupli- 
cated because the people doing the work had no idea of 
what other people were doing, while more important and 
pressing problems were awaiting solution. Everywhere 
the need of organization and of centralization was ap- 
parent. 

The first task of the Research Department was to es- 
tablish a clearing-house of information for the benefit of 
the industry. Soon after the department was organized, 
2 weeks were spent in visiting industrial and school lab- 
oratories. The results of these visits were very illu- 
minating. Everywhere we found engineers, professors 
and students ready and eager to discuss their problems, 
enthusiastic over the prospect of exchanging information 
with other people, people who had common research 
interests, and anxious to cooperate with the Department 
in every possible way. We had a large index-card that 
was described in THE JOURNAL for December 1921, which 
we asked them to fill out for our files, so that we 
might know exactly what work they had done, what they 
were doing, and what information they needed. In some 
cases we were able to supply them with the information 
they required at once, from the material we had on file. 
They were glad to hear of the organization of a central 
body to which their problems could be referred, and to 
which they could apply for information as to what was 
being done by other laboratories in their own field. They 
all agreed that, while a certain amount of duplication was 
necessary and even desirable, the Research Department 
could serve a useful purpose in preventing unnecessary 
duplication. Almost every laboratory suggested prob- 
lems that called for solution, and that could not be under- 
taken by them owing to scarcity of funds, or of time, or 
of personnel. Some of the laboratories asked for sugges- 
tions as to what problems could be undertaken advanta- 
geously and were provided with a list of some of the 
problems in which the industry is interested. There are 
on file with the Department a number of suggestions for 
problems to be undertaken in the future; questions that 
are of importance but not of immediate urgency. In 
most cases the report of the laboratories was the same, 
“the harvest indeed is great, but the laborers are few.” 
The manufacturers, many of them, were suffering from 
the slump and had cut down to the bone. Many had dis- 
pensed with their research staffs, and the rest had had to 
retrench. There were notable exceptions, that will occur 
to all of you. 

THE FUTURE 


The prospects for the future are bright. The industry 
has come to realize the necessity for research and will 
soon be putting their principles into practice. More 
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valuable still, as indicating the confidence that the De- 
partment has already inspired, engineers throughout the 
Country have developed the habit of taking the Depart- 
ment into their confidence, of writing as a matter of 
course describing what they are doing, and inviting sug- 
gestions as to the method of attack and the general con- 
duct of their researches. 

Recently another trip was made to some of the labor- 
atories of the Middle West, and the progress was notice- 
able. The interest that the Research Department was 
taking in organizing research work had proved a real 
inspiration and the results obtained throughout the trip 
were most gratifying. We hope that eventually all the 
school and university laboratories engaged in automotive 
research will be visited, but it will be some time before 
trips to the Far West can be undertaken. Although the 
benefits of this field work, in bringing home to members 
the help they can expect from the Department, have been 
clearly demonstrated, it is doubtful whether the industry 
is aware of the special facilities which the Department 
has to offer. 


RESEARCH DEPARTMENT FACILITIES 


The Research Department is in close touch with the 
Engineering Societies Library, which is located on the 
thirteenth floor of the building in which the Society is 
housed. It is purely a reference library and contains 
most of the material that has been published on the auto- 
motive industry since its inception. The proceedings and 
journals of the various engineering societies, American 
and foreign, are kept on file, as are over 1000 current 
periodicals along engineering lines. For the benefit of 
engineers who cannot use the library themselves, the li- 
brarian maintains a photostat service, by which a com- 
plete copy of a magazine article referred to in another 
periodical may be had at a nominal cost. Bibliographies, 
references and translations may be had quickly, reliably 
and at the minimum expense. The fact that the great 
resources of this library are constantly at our disposal 
increases the efficiency of our Department enormously. 
If any one of our members wishes to know what has 
been published on the subject of brake-linings, or of pis- 
tons, for example, we can supplement the information we 
have in our own files by referring to the publications on 
the subject in the library. As a general rule, when we 
receive a query of this kind, we give a short bibliography 
of the subject, adding particulars of where the various 
publications may be obtained. For our own use, we have 
the Engineering Index, the Industrial Arts Index, and 
Science Abstracts, which list recent articles by subjects. 
This we supplement by our own indices, one covering the 
publications of other organizations, and individuals, and 
one covering the publications of the Society. These in- 
dices are kept by authors, titles, and subjects, and in- 
volve a careful scrutiny of all the periodicals, American 
and foreign, in the automotive and allied fields. In con- 
nection with the first-named index, we have a file of 
pamphlets and -publications that are not allowed out of 
the Department, since they are constantly needed for 
reference. In the Members’ Room of the Society, there is 
a small library in which copies of current magazines in 
the automobile, aviation and tractor fields are kept up- 
to-date for the use of members, as well as THE JOURNAL 
of the Society, The Engineer, Engineering, and a number 
of other very valuable publications. These volumes are 
kept for reference and are available at all times. 

Inquiries of all kinds are received from engineers, 
arising out of everyday experience and covering a variety 
of problems in automotive engineering. Incidentally, we 
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have received two or three communications from Cuba 
and the Canal Zone, asking for information as to what 
adjustments should be made in an American car to en- 
able it to run on alcohol, the only fuel obtainable at a low 
price in those territories. Reviewing the variety of prob- 
lems that are presented to us for solution, we cannot fail 
to realize that the scope of the work is almost unlimited. 
Every effort is made to keep in close personal touch with 
engineers throughout the Country, who are engaged or 
interested in pioneer work. Many of them have devel- 
oped a habit of dropping in at the Society’s headquarters 
whenever they are in New York City, to talk over their 
problems. 

In each issue of THE JOURNAL the Research Depart- 
ment discusses some topic that is of interest to the auto- 
motive industry, and suggests various problems for re- 
search arising from an examination of the subject. The 
discussion is always accompanied by 4 selected bibliog- 
raphy. The Department plans to publish in future issues 
of THE JOURNAL short abstracts of books and articles 
published here or abroad, which seem to be of interest 
to the industry, so that members may be sure of ‘being 
informed of what is being published on their subject. 

I have with me a supply of index-cards that were de- 
signed to afford ready reference to the activities and the 
questions of those firms and individuals who are inter- 
ested in research, and I shall be glad to give one to any- 
body who is interested in cooperating with us and in 
vetting the full benefit of the service we have to offer. 

To pass from the resources of the Department to its 
practical achievements, we have been engaged for the 
past few months upon three major projects. The first of 
these is the cooperation with the Advisory Board on 
Highway Research of the National Research Council in 
the study of the tractive resistance of roads. With the 
advent of the commercial motor-vehicle as an essential 
part of our transportation system, and with the wide- 
spread use of passenger cars for purely commercial pur- 
poses, the problem of highways emerged from the “good 
roads” stage to become one of the most urgent of our 
national problems in industrial development. 

While the problem may appear to be primarily the con- 
cern of the economist and the highway engineer, it is 
equally one for the automotive industry. The Depart- 
ment was originally drawn into this field through a re- 
quest for cooperation with the Bureau of Public Roads 
and the National Research Council. A survey of the 
situation showed that there are many phases of the high- 
way problem in which the cooperation ef the Society is 
necessary to assure full consideration of the interests of 
the industry, as well as the benefit of its technical expe- 
rience. 

Recognition of this situation has led to the recent ap- 
pointment of a Highways Committee, of which H. M. 
Alden is chairman. This will assure the needed contact 
between the Society and the other agencies engaged in 
highway research. 

In addition to the foregoing activities, we have taken 
an active part in securing materials and financial support 
for a project which the Advisory Board on Highway 
Research has under way at the Massachusetts Institute 
of Technology under the direction of Major Mark L. Ire- 
land. Extensive road tests have been made and valuable 
data are now in process of compilation. 


FUEL RESEARCH 


One of the major activities of the Research Depart- 
ment has been providing for the fuel-research program 
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in progress at the Bureau of Standards. The two other 
main research activities of the Department have to do 
with the fuel problem. While many of you are familiar 
with the history of this undertaking, I shall explain it 
briefly for the benefit of those who are not. About a 
year and a half ago, a conference was called at the in- 
stance of Dr. Manning, director of research for the 
American Petroleum Institute, to discuss the joint re- 
sponsibility of the petroleum and the automotive indus- 
tries with regard to present and probable future supplies 
of motor-fuel. There were present at this conference 
representatives of the two industries, including the Na- 
tional Automobile Chamber of Commerce and the Society 
of Automotive Engineers on the automotive side, as well 
as representatives of the United States Bureau of Stand- 
ards and the Bureau of Mines. 

After consideration of a number of proposed research 
projects, the conference decided to concentrate the efforts 
of the available research laboratories on a single problem 
that appeared to be of the widest importance to the two 
industries. Recognizing that the supply of crude petro- 
leum and hence of motor-fuel is limited, and that there 
is reason to expect the demand to more than keep pace 
with the supply, it is of importance to us that the price 
of fuel should be kept at a minimum or the production 
at a maximum, It is of importance to the petroleum in- 
dustry that the maximum amount of motor-fuel should be 
had from the crude-oil supply, since motor-fuel is the 
highest-priced quantity product of petroleum. The result 
of the relation between supply and demand has been com- 
mercial gasoline, which we have been able to burn with 
some degree of satisfaction, but with much more satis- 
faction at some times than at others because its quality 
has changed. 

It has been suspected for a long time and has recently 
been proved by experiment that as gasoline becomes less 
volatile, the amount used per mile increases, however, 
the amount produced per barrel of crude also increases. 
If we confine our attention to fuel-consumption, neg- 
lecting for the moment such things as crankcase-oil 
dilution and the like, it is obvious that there is a balance 
between the increase in production that can be secured 
through increasing the “end-point” of gasoline, and the 
decreased mileage that this fuel will yield; and it may 
be assumed that the interests of the two industries will 
be best served when the quality of gasoline marketed 
is such as to give a maximum mileage per barrel of crude 
oil used in its production. 

It is important to remember also that for the purpose 
of this discussion we are concerned with the average 
vehicle in the hands of the average driver, and not at 
all with what vehicles or drivers might be under ideal 
conditions, or even very much with what they may be 
5 or 10 years hence. It is the average driver of the 
average vehicle who will consume the next few years’ 
supply of fuel. 

To adjust the quality of gasoline so as to meet the 
condition of maximum utility as defined above, or in fact 
any other specified condition, it is necessary to know 

(1) The relation between fuel consumption and vola- 

tility for the average vehicle in use 

(2) The relation between volatility and the amount 

produced per barrel of crude under average refin- 
ery conditions 

For an answer to the second question we can depend 
upon information to be secured from the petroleum in- 
dustry, partly through the agency of the United States 
Bureau of Mines. The first question however, is purely 
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an automotive one and for its answer two distinct re- 
search projects are in progress. 


BUREAU OF STANDARDS TESTS 


The first of these, in point of time, is being handled 
by the United States Bureau of Standards with the co- 
operation of the Bureau of Mines. This work was 
initiated before the organization of the Research Depart- 
ment; hence we, as a department, had nothing to do with 
its inception. Plans for this research had been under 
way at the Bureau of Standards for many months and 
were substantially completed some time ago. 

The Department has, however, devoted much time to 
consultation with engineers and executives in both the 
automotive and the petroleum industries to insure the 
necessary financial and moral support for this research, 
and to make the results as useful as possible to the two 
industries. I do not propose to describe them in detail, 
since W. S. James, of the Bureau of Standards, who is 
in charge of the work, and other members of the staff 
of the Bureau are to speak to you about them later. 
The work has been the result of a year of careful study 
and experimental development of apparatus and methods. 
In connection with the work the Bureau of Mines is in 
charge of the testing of fuel samples, and will compile 
the results derived from this part of the tests and will 
assist in the second part of the program as outlined above, 
determining the relation between fuel volatility and the 
amount produced from the average crude oil. 

The principal task of the Society in this connection 
has been to secure funds for the work of the Bureau of 
Standards and the Bureau of Mines. This problem was 
presented to the National Automobile Chamber of Com- 
merce and the American Petroleum Institute as a joint 
research program, with complete explanations of the 
nature of the work and the cost of materials, apparatus 
and assistants. The two organizations voted to share 
in the expenses, and very hearty promises of cooperation 
were received from individual companies. A number of 
research engineers have been secured by loan, one each 
from different firms representing both industries, and 
active research work on the program is now in progress. 


SUPPLEMENTARY TESTS 


The second portion of the program was undertaken at 
the suggestion of a member of the Research Committee, 
to supplement the program of the Bureau of Standards. 
The latter, consisting of a series of road tests of a 
limited number of cars under as nearly as possible lab- 
oratory conditions as regards precision of measurement, 
could not include all conditions of use that the average 
driver encounters. It was thought, therefore, that much 
might be gained by a series of less elaborate tests which 
could include a much larger number of vehicles, driven 
by average drivers in normal service. Accordingly, a 
supplementary research program was drawn up along 
these lines, and visits were made to several companies, 
including those building passenger cars in the largest 
number, and at present nine different companies are each 
running, or have completed a series of tests that will be 
described later by the engineers in charge of the tests 
themselves. 

The plans included observation of the comparative 


effect of the four grades of fuel in crankcase-oil dilution, 
by draining and refilling the crankcases of the test cars 
each time the fuel was changed. The used-oil samples 
are to be tested at the Bureau of Standards, as well as 
by the several companies, to check the amount of dilution 
that resulted from the use of each of the fuels. 

FUELS FOR TEST PURPOSES 

The selection of fuels for test purposes presented some 
rather complicated questions, as to the number of fuels 
to be used, the range of volatility to be covered, the 
limitations to be imposed as to chemical composition and 
as to refining methods. These questions involved numer- 
ous conferences and visits to refineries, and resulted in 
the selection of four experimental fuels ranging in vola- 
tility from approximately aviation-grade gasoline to a 
fuel about as bad as commercial gasoline ever gets. 

Provision for supplying these fuels was made by the 
American Petroleum Institute, the fuels to be sold to the 
experimental laboratories at a price that will partially 
distribute the cost of the research between the auto- 
motive and the petroleum industries. The supplies of 
fuel have been made-up by two refineries, one in Chicago, 
and one on the Atlantic coast. 

The tests were intended to show under normal every- 
day running conditions with average drivers, what effect 
distinct differences in fuel volatility have on the total 
fuel used per mile of travel. They serve as a check on 
the results of the Bureau of Standards’ tests, which are 
run with much greater accuracy than is possible under 
conditions such as these, but must necessarily include a 
limited number of cars. In this respect they are similar 
in plan to the tests described by C. L. Coleman that 
involve an even larger number of vehicles, but not so 
many different models. The main feature of the tests 
was the operation of a number of cars of each of several 
models, by their regular drivers in the course of their 
ordinary driving, but each car supplied successively for 
periods of 1 week with fuels differing by definite steps 
in their volatility characteristics. An essential point 
was that the drivers should not know what grade of fuel 
they were using at any time until the tests were com- 
pleted. 

It should be noted in connection with these tests that 
the information desired is not the actual fuel-consump- 
tion of the different cars, or different models, but the 
difference in fuel-consumption as produced by the dif- 
ferences in volatility of the four selected fuels. While 
the seventy-odd drivers of cars of 10 models included in 
this series might not afford a fair average of the fuel- 
consumption of these cars, it may be expected that they 
represent much more nearly a fair average of the 
difference in fuel-consumption with the different fuels, 
and hence afford reliable information as to the relation 
between average fuel-consumption and volatility for these 
cars. To make the results applicable to the average 
fuel-consumption throughout the Country, it will be 
necessary to average them with respect to the estimated 
number of cars of each model in use, or perhaps, to be 
more exact, with the estimated total fuel requirement 
of each of the several models. 

The Research Department expects to compile the re- 
sults of the road tests on this basis as soon as possible 
after the data are available. 
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THE DISCUSSION 

P. S. TicE:—The avowed purpose,of all this research 
seems to be to arrive at the fuel that will give us the 
greatest economy. The consensus of opinion appears to 
be that we have not as yet arrived, in average practice, 
at a method of carburetion or handling of the fuel in the 
intake that is capable of giving us the maximum possible 
utilization; so, are we not really wasting time when we 
try to judge the merits of several fuels from results ob- 
tained with them in carbureting apparatus that is ad- 
mittedly only indifferentiy gocd? It seems to me that 
the data offered this morning tell more about the car- 
bureting devices used than about the fuels that 
presumably on test. 

T. J. LiTLeE, JR.:—At the meeting of the American 
Petroleum Institute at Chicago the automotive industry 
was told, I understood, that the fuel of the future would 
be heavier and less volatile than that which we are get- 
ting at present, and to get ready for it. I think the most 
important work to consider in research is getting ready 
to use the heavier fuels. How many companies have done 
work along that line? Has Dr. Dickinson information 
as to how far we may be expected to go in that direction? 
We were told flatly that it was anticipated that we would 
have to use fuels of an end-point higher than 500 deg. 
fahr., and I am wondering how many companies will be 
ready to utilize these fuels when they get them. 

CHAIRMAN H. M. CRANE:—In my opinion the results 
of the tests that are now being made will have the great- 
est possible bearing on the use of still heavier fuels, if we 
are finally forced to use them. We hope the comparison 
in actual service conditions of a number of different 
devices for handling the present fuels, which are fairly 
heavy, and the results obtained with them, will give us 
some kind of a curve that will indicate the utilization 
value of petroleum distillates of different volatility in 
engines of the present general type; that is, in general, 
four-cycle engines having float-feed or similar car- 
bureters, various metering devices and more or less simple 
manifolds, with the application of heat in the quantities 
available. It is as necessary for us to know that as to 
know what we would have to do if we had a much heavier 
fuel. We may make it very plain before we get through 
that the fuel must be modified to suit the needs of the 
present general type of engine, or the present general 
type of engine must be completely changed. 

I have spoken many times of the fact that the attempt 
to use a different type of engine is not a new thing; it is 
one of the oldest things in the industry. It has been 
carried out under the urge of an immense financial ad- 
vantage to be able to use heavier fuel. From the time 
that we first began using gasoline commercially in auto- 
motive vehicles, the spread between the cost of gasoline 
and the heavier fuels has become greater and greater, at 
least until very recent years, and it has always been so 
great as to present a tremendous inducement to any one 
to use the heavier fuel if he could do it and give the ser- 
vice in so doing. There is the same inducement today. 
That is the reason I have felt that it is very probable 
that there is more hope in the proper modification of the 
fuel to suit the engine that has been developed in service, 
which is particularly suitable for general service because 
of its simplicity, than in altering the engine by increas- 
ing its complication to a very considerable extent to make 
it suitable for use with some arbitrary form of fuel. 

That is why I am glad to hear that a number of 
engineers of the oil companies are going to the Bureau 
of Standards and will meet continually with engineers 
from the automotive industry, with the result that the 
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knowledge of both ends of the problem will be much more 
thoroughly disseminated. I know that plenty of us do 
not half realize the difficulties of the production and 
marketing of petroleum products. I am equally sure that 
a great many of the petroleum people do not realize that 
the present enormous extent of the automotive industry 
today is based absolutely and entirely on the simplicity 
of the motive power that is supplied by the present type 
of engine. It is true that the education which the public 
is receiving from this simple engine has gradually pre- 
pared it to use a somewhat more complicated device, and 
the public is doing that every day. The present engine 
for using the present heavier fuel is a far more compli- 
cated device than the public had available in 1905 to 1908, 
and it is using it more or less successfully. 

It is necessary to remember also that there are a 
tremendous number of automobiles in service today, that 
they are using liquid fuel very rapidly, and that they 
cannot be changed fundamentally. They can be changed 
in detail, they can have new manifolds possibly or new 
earbureters, but they cannot be changed into any other 
type of engine; they cannot be supplied with any very 
complicated carbureter-manifold system on account of 
lack of space under the hood. We all know how difficult 
it is to apply anything special in the form of a carbureter 
or manifold to a Ford, because the space is not available 
to put it in. 

If these tests can and do succeed in clarifying the situ- 
ation regarding the existing cars, the ones that are using 
90 per cent of the fuel that is produced every day, they 
will have performed a tremendously useful service. It is 
wholly possible that they will result in an overall im- 
provement of only 10 per cent in the use of fuel, but that 
10 per cent would be about enough to provide the fuel 
for 1 year’s production of cars and is very much worth 
getting. . 

I do not want Mr. Litle to think that I say we should 
not do anything along other lines, but also I-do not want 
the feeling to go out that there is imminently possible a 
sudden change in engine design that will make the use of 
heavier fuels easy and satisfactory for our kind of work, 
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because I am absolutely certain that there will not be Department is using Government-specification fuel in 


present in any of those engine forms the simplicity that 
will meet the requirements of the widely distributed use 
of apparatus that is made by the automotive industry. 

ProF. E. P. WARNER:—4is it planned to extend the 
service tests being made by the Bureau of Standards and 
the various companies to cover the question of mixed 
fuels? There is sold regularly a so-called gasoline that 
contains a large percentage of benzol. In Boston a great 
many car-owners use it exclusively. 

Dr. H. C. DICKINSON :—There are as yet no definite 
plans in this respect. It is rather difficult to lay out a 
series of tests that will cover a matter in which there 
are sO many variables. Perhaps the most important 
characteristic of these blended fuels is their anti-knock 
property, which is a matter that Mr. Midgley has covered. 
We have considered what could be done in the way of 
determining the economy of various possible fuels, so far 
as this can be done in an experimental program, but no 
definite plans have been made. 

I think Mr. Crane has practically answered Mr. Litle’s 
question, but I would like to add just one thought. You 
will notice that the upper fuel in Fig. 1 has a 500-deg. 
end-point. Of course, the fuels were selected before any 
tests had been made. It was our guess, so to speak, that 
we had selected the worst fuel which would be likely to 
“get by” in service without offering so much difficulty 
that the tests would be meaningless; in other words, we 
hoped, after securing the results, to plot curves of crude- 
oil consumption versus fuel volatility which would show 
a minimum; that we had got beyond the point of econo- 
my. Evidently, from the tests, so far as they have gone 
at present, we were off on our estimates; because the cars 
that have been tested, and the trucks also, apparently 
have actually utilized the 500-deg. fahr. end-point fuel 
without any marked decrease in economy. Of course, 
that does not cover the question of crankcase-oil dilution, 
which may be the neck of the bottle; but, so far as the 
volatility alone is concerned, it looks as if we will have 
to make another guess, select two or three heavier fuels 
and do more testing along the same line before we deter- 
mine the economic limit of volatility. 

W. S. JAMES:—In connection with the point raised by 
Mr. Tice, there is one advantage in the type of work 
described by C. T. Coleman that I believe has not been 
brought out; it is that of fuel specifications. There is 
considerable controversy at present, at least in the Federal 
Specifications Board, between the petroleum refiners and 
the users of gasoline, as to what constitutes a suitable 
gasoline. The petroleum refiners maintain that the 
present type of gasoline is satisfactory and that the 90- 
per cent point can be raised with no detriment to the 
industry. On the other hand, the users are not sure; 
they do not know. This was one of the prime reasons 
the Bureau of Standards took this work up in Philadel- 
phia in cooperation with the Post-Office Department. The 
Post-Office Department uses something like 4,000,000 
gal. of gasoline per year. 

There are practically no data on the advantage or dis- 
advantage in actual service of fuels of varying volatilities, 
and these few tests, meager though they are, furnish at 
least indications as to whether the refiners’ demands 
should be granted. Specifications that were laid down 
for use in Government purchases have been adopted by 
a considerable number of municipalities and large ccom- 
panies. This is a matter of great interest to the whole 
automotive industry. I believe that clarification of the 
correctness or incorrectness of gasoline specifications is 
one of the benefits of this kind of work. The Post-Office 


about 5500 vehicles in service now. These vehicles repre- 
sent an investment of capital of about $10,000,000. To 
change this equipment would be very expensive. It may 
be easier to change the fuel or the garage operation. 
Possibly, as Mr. Coleman has indicated, greater gains 
can be expected from care in carbureter adjustment and 
in car condition than from change in fuel. 

P. J. DASEY:—Considering the rapid development of 
the automobile industry and the number of cars that are 
being built annually, it seems to me that it will be only a 
comparatively short time before we will have such an 
enormous volume of these vehicles in use that it will be 
very difficult to secure the proper amount of fuel. To 
supply the demand as the number of car-users increases, 
the oil companies probably will have to get a much larger 
production of crude or give us a larger percentage of the 
heavier hydrocarbons. If we are to continue producing 
the same types of engine that we have been building, we 
will find it increasingly difficult to handle the heavier 
fuels. It seems that the whole problem resolves into two 
items. One is that in the development of new engines we 
base the design on the necessity of using a heavy fuel, 
up to a 550-deg. fahr. end-point. The other is to con- 
tinue the work being done by Messrs. Mock and Tice and 
a number of others and make devices applicable to the 
present-day types of engine which will enable them to 
handle the heavier types of engine fuel. 

The experiments that are being conducted indicate 
that we are losing more of the heavier ends in dilution 
as the fuel becomes heavier. When the fuel is lighter, ¢ 
there is less dilution. On the other hand, we all know 
that we could get more power from the heavy fuel if we 
could handle it properly. I believe we will all agree that, 
if it were possible to handle 550-deg, end-point fuel, the 
condition would be better because of the much greate) 
volume that would be available from 


our natural re- 
sources. 
There is plenty of room for development in engines 


that would not make them radical departures or increase 
the cost of production materially, but go a long way 
toward solving the fuel problem. I will mention only 
extremely high compressions and operating at lower 
engine-temperatures. Compression in itself means heat. 
It has been stated repeatedly that every time the petro- 
leum refiners introduce a series of heavier hydrocarbons 
into the fuel the engine builders must reduce the com- 
pression to handle it. Our experience is just the reverse 
of that. 

I do not know of any oil company that will guarantee 
to give us now, or at any future time, a 420 or 428-deg. 
end-point gasoline without raising the price to an enor- 
mous figure. The automobile industry will not stand 
still. The number of cars will increase, and therefore 
the number of gallons of fuel we shall demand will grow 
enormously. We cannot grow enormously if we have a 
high-priced fuel. 

Mr. LiTLE:—I think it would be a mistake to give 
the oil industry the impression that we can meet them 
no matter how high the end-point of the fuel goes. Mr. 
Dasey says he can handle 550-deg. end-point fuel; pos- 
sibly he can, but we have about 12,000,000 automobiles 
and trucks running around the Country, and it will never 
be possible to fix them up. Naturally, that not being pos- 
sible, they work in a very unsatisfactory sort of way 
when the end-point goes too high, or when the fuel is 
not sufficiently volatile. 

The oil people absolutely can improve their fuel if they 
want to. It may cost them more to do it, but it costs the 
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automotive industry much to use the heavy fuel they are 
proposing to supply. I would rather see them crack more 
kerosene and mix less kerosene with the fuel. I think it 
is possible to work along that line, and others to whom I 
have spoken on the matter agree with that view. I had 
hoped to hear some one here, representing the fuel in- 
dustry, say that if we were willing to pay a few cents 
more for better gasoline we would be guaranteed a supply. 

CHAIRMAN CRANE:—lIt all comes down to the funda- 
mental thing that the industry is fighting for. About 2 
years ago J said that I refused to believe that a straight 
distillate of crude petroleum was the only fuel that we 
ought to use in an automobile engine. I did not know 
much about it, but on general principles I was sure that 
was to be the case. It took the General Motors Research 
Corporation to bring clearly before us the fact that it is 
not necessary for us to do it; that by the addition of 
various available products, which are not products of 
petroleum, the fuel that we use in our present engines 
can be very greatly improved, and a fuel can be made 
for which an engine of equal simplicity can be designed, 
wherewith we can expect to get enormous increases in 
economy and therefore increases in mileage per gallon of 
crude oil. 

I am equally loath to believe that the refining industry 
has reached a point where its representatives can hon- 
estly say that they are giving us the greatest quantity of 
fuel of a volatility that we can use in present-day en- 
gines, that is available in a barrel of crude oil. 

I am very glad that Mr. Litle raised the question of 
price. I think that has been put too often before the oil 
people; that we must have the lowest possible price on 
gasoline, regardless of what the gasoline is. After all, 
the cost of operating a car is based not only on the cost 
per gallon, but equally on the mileage per gallon. In 
other words, the owner really is interested in how much 
a week it costs him to keep the tank of his car full of 
gasoline. 

The California situation, in which they used distillate 
and a fairly high quality of gasoline side by side, was 
very significant. Certain classes of interests that were 
able to do so applied special equipment to their engines, 
especially in such cases as motorboat work and heavy 
trucking, where it could readily be done, and obtained 
economical operation from the lower-priced distillate, 
while the other passenger-car owners found they got 
more satisfaction per dollar expended out of the better 
grade of gasoline. 


I was very much disappointed to hear last year that 
the refiners had decided to throw both of these products 
into the same tank and market them as one product. I 
am absolutely certain that the economic cost to the Coun- 
try of doing that has been very considerable. They are 
now supplying a fuel that is not satisfactory for either 
of the two classes of trade; that is, not as satisfactory 
as the particular fuel before had been, and the overall 
price is undoubtedly higher and, equally, the mileage per 
barrel of crude oil is probably lower. It is the object of 
all these tests to bring all such facts out into the light. 

I fully expect to be shown up as a false prophet by 
some of the recent tests, as to the ability to handle heavy 
fuel in some of the more modern cars. It looks as if 
they were doing it more successfully than I believed they 
could. I am entirely willing to be shown up that way 
also. I hope that the oil people, when they find they have 
been wrong in their contentions, will be willing to say 
so and show a disposition to change the attitude that they 
have previously maintained. 

T. A. PECK:—I think we are face to face with certain 
fundamentals that we cannot talk around, desire it though 
we may. Speaking for the petroleum industry, we can 
give some of you a 78-deg.-test gasoline, if you want it; 
but there will probably be 9,000,000 motorists who will 
not get any, and they are desirous of using their cars. 
The petroleum industry must have the good-will of the 
motorist and the automotive engineer. If it is to suc- 
ceed, it must strive to attain and retain this good will. 
The petroleum industry today is spending millions in 
experimenting, in enlarging its refineries, in changing 
its equipment and in trying to produce enough fuel to 
keep automotive wheels rolling. My own opinion is that 
there will not be any radical change in the design of the 
four-cycle engine we are using today for some time at 
least. We are all striving earnestly and ably all the time 
to improve the operation of the engine, because the motor- 
ist is becoming more critical every hour. I can remem- 
ber the day when mixing-valves were good enough for 
an automobile. We seem to be getting away from the 
fact that, fundamentally, a carbureter is merely a meter- 
ing device. 

Speaking for the petroleum industry, I hope and be- 
lieve we all want to do all that we can. For every step 
that you will take with the engine, we will take two steps 
to give you the fuel you want. But we must have the 
raw stock out of which to make it; please remember that 
it is impossible to get gasoline without crude oil. 


FOREIGN TRADE 


Y skillful handling of foreign credits, continued invest- 
ment in foreign loans by the American public and a will- 
ingness to accept payment of our debts through the impor- 
tation of goods, we may be able to sustain our export trade 
at approximately its present volume. This is of even more 
vital importance to our farmers and producers of raw mate- 
rials than to our manufacturers. It is this question of the 
willingness of the American people to accept payment in 
goods and services of the debts owed them from abroad that 
is of the greatest moment in the present phase of the tariff 
discussion. The uncertainty of public opinion as to the most 
desirable kind of permanent tariff is evidence of the chang- 
ing ideas that the condition of our foreign trade is forcing 
upon us. 
The effect upon our foreign commerce, and especially upon 


our exports of foodstuffs, which compose about 30 per cent 


in value of our total exports, should be the major consider- 
ation in making up our new tariff. The producers of agri- 





cultural commodities are vitally interested in maintaining 
and advancing our export trade, for they produce a surplus 
over domestic consumption. It is, therefore, essential that 
under the new conditions of our position as a creditor nation 
we should take every reasonable precaution against unduly 
obstructing the growth of our imports of merchandise, upon 
which depends in such large degree our ability to sell abroad 
our surplus of domestic products. 

Ultimately our imports may exceed our exports, even if 
the change to an import trade balance be deferred through 
the extension of American capital in investments abroad. 
Spread over a period of several years, this change can occur 
without disturbing our domestic, industrial or agricultural 
interests, and without decreasing our exports. If, in the 
course of time, such a change does not take place in our 
merchandise trade balance, some other means will have to 
be devised by which foreign debtors can pay what they owe 
us.—Guaranty Survey. 
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< om Research Department plans to present under this heading each month a topic that is pertinent to the 
general field of automotive research, and is either of special interest to some group of the Society member- 
ship or related to some particularly urgent problem of the industry. Since the object of the department is to act 


as a clearing-house for research information, we shall 


pleased to receive the comments of members regarding 


the topics so presented, and their suggestions as to what might be of interest in this connection. 


HOLDING THE ROAD 


. present demand for safety in transportation in gen- 

eral, and on the highway in particular, calls for much 
better knowledge than is had of some of the many factors 
that affect the safety of highway traffic. One of the most 
important of these is the ability of the vehicle to hold the 
road or to avoid skidding. A survey of the literature yields 
almost no information on the hold of tires on any sort of 
road surface, or on the effects of water and other agents on 
the road surface. 

For convenience in discussing this problem, we shall use 
the term hold to designate the coefficient of static or sliding 
friction as the case may be, between the tire and the road, or, 
in other words, the resistance that is offered to sliding in any 
direction. For clearness, it is necessary to distinguish be- 
tween this and the so-called rolling resistance or rolling 
friction of the wheels on the road. The latter is being studied 
by highway engineers as a part of a general program cover- 
ing the tractive resistance of vehicles. 

There is no direct relation between the tractive resistance 
of a vehicle, i.e., the force required to drive it in the ordinary 
way and the resistance offered to sliding, either transversely 
or straight ahead, when the wheels are locked. It is the 
latter sort of resistance only that we have designated as the 
hold on the road, which we wish to discuss here. 

It is common experience that resistance to skidding may 
have two very different values even on the same road surface. 
The maximum amount of retardation of a vehicle is almost 
always obtained by applying the brakes only to such a point 
that the wheels just do not lock. When the wheels begin to 
slide, the retardation becomes less, often very much less. 
The reason for this is that so long as the wheels are not 
sliding there is static friction between the tire and the road. 
Under these conditions each portion of the tire that comes 
into contact with the road surface remains at rest there, with 
no relative motion or sliding in the plane of the road surface. 
As the static-friction coefficient is almost always greater than 
that of sliding friction, the maximum hold occurs when there 
is no sliding. 

The difference between static and sliding friction has an 
important bearing on the problem of the hold on the road, 
as will appear later. Under some conditions this difference 
becomes even more pronounced than is the case normally. 
This often occurs when the hold is none too good, as on wet 
pavements. If sliding or skidding starts under these condi- 
tions, it is not easily stopped. 

The lack of information on the subject covered by this 
survey may be due to the complexity of the problem. Obvi- 
ously, the hold on the road is dependent not only on the 
nature of the road surface, and the tire surfaces, but also 
upon such things as read contours, tire inflation, spring- 
suspension and load distribution of the vehicle. There are 
a few figures for the distance in which a vehicle can be 
stopped on a dry hard road, from which a figure for the hold 
on the road can be deduced, but these do not apply to wet or 
slippery roads. The ideal road-tire combination would be one 
for which the hold is the same whether the road is wet or 
dry, and whether the wheels are rolling or sliding. This 
ideal condition does not exist and it is doubtful if it can ever 
be produced. But there is every reason to hope that it can 
be more nearly realized than at present, and we shall attempt 
a brief survey of some of the factors that affect the hold of 
tires under road conditions, in order to suggest, if possible, 


where progress can be made, or at least where further in- 
formation is needed and where it may be obtained through 
further research. 

The general factors which determine the hold are three 


(1) The materials in contact; rubber for the tires and 
earth, concrete, asphalt, gravel, etc., for the road, 
with or without a layer of mud between them 

(2) The smoothness or roughness of these surfaces; 
tire finish, either smooth or non-skid; road surface, 
smooth or rough, concrete or gravel 

(3) Contour of the road surface, or what is usually 
termed roughness, as it is felt by occupants of the 
vehicle. 


A word of explanation may be needed to make clear the 
more or less artificial line drawn between roughness of the 
road surface and roughness of the road, because the two 
have opposite effects on the hold of the vehicle. By surface 
roughness we mean such irregularities of surface as are too 
small to cause any appreciable vertical motion of the wheels, 
but are entirely “smoothed out,” so to speak, by the flexibility 
of the tire, as for instance, a gravel or broomed concrete sur- 
face. Whereas by road roughness, or roughness of contour, 
we mean such inequalities of surface as cause vertical motion 
of the wheels or flexure of the springs. There is, of course, 
no sharp distinction between the two degrees of roughness. 
In fact, what may be only surface roughness for tires with 
low inflation pressure may constitute roughness of contour 
for tires carrying a higher inflation-pressure. A _ well-laid 
Belgian-block pavement is a good illustration of this effect. 
3ut the action of the surface, as regards the hold on the 
road, will also be entirely different in the two cases. 


MATERIALS IN CONTACT 


As for the character of the materials in contact, rubber 
and steel are the only two materials used in ordinary prac- 
tice for vehicle tires and, for the purposes of this discussion, 
rubber is the only material that we need to consider. Road 
surfaces, on the other hand, may be composed of any of a 
large number of materials but, if we confine our attention to 
improved roads, these materials all possess the common 
characteristic of being rigid as compared with rubber tires. 

If there were always good contact between the road and 
the tire, the problem would be much simpler, but in practice 
the two surfaces are often separated by a lubricating film of 
water, containing varying amounts of mud and other sub- 
stances that even improve its lubricating quality. 

The coefficient of static friction between rubber and most 
road materials, when dry, is ample for almost any purpose. 


REAR-WHEEL-BRAKE STOPPAGE ABILITY 
Distance Required Standard Given 
for Stop from by Thermoid 


Speed, an Actual Test, Rubber Co., 

m.p.h. ft.-in. ft.-in. 
10 9-0 9-2.4 
20 34-11 37-0.0 
25 53-7 58-0.0 
30 74-5 83-3.6 
40 135-6 148-0.0 
50 178-0 231-0.0 
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The figures on the preceding page were given for the distance 
in which a car, can be stopped by brakes on the rear wheels 
only, when these wheels carry less than half the total weight 
of the car in a paper by J. Edward Schipper entitled Passen- 
ger-Car Brakes.’ 

On the basis of these figures, the coefficient of friction is 
less than 0.7. Other tests on dry concrete pavements have 
shown a coefficient of friction of about 1; that is, to start a 
‘ar with all wheels locked would require a force equal to the 
weight of the car. However, on a wet surface, the coefficient 
of friction may have almost any value down to perhaps 0.01. 
The liquid layer acts as a lubricant and follows the natural 
laws of lubrication. Thus, the characteristics of a good bear- 
ing should be those of a bad road-tire combination, and vice 
versa. 

The journal to be lubricated by a light or non-viscous 
lubricant like water should have a smooth surface, a very 
low bearing pressure and a high peripheral speed. While 
the lubrication of a plane surface is not entirely analogous 
to that of a journal, these characteristics are a dangerous 
condition for a highway. The various anti-skid devices, 
such as special tire treads and tire chains, are designed to 
decrease the area in contact and thus to increase the unit 
pressure between the tire and the road surface. The higher 
this pressure, the more readily is the water layer forced out 
of the way. Also, the smaller the individual contact areas, 
the better from this point of view. As regards the material 
of the road surface, much the same is tru’. as in the case 
of lubricated journals; so long as there is lubricant present, 
the material of the surface is of very minor importance. 
So the main essential for hold on the road is that the lubri- 
cating film of water or mud shall not remain between the 
tire and the road surface. 

CONDITION OF SURFACES 

It is in connection with the persistence of the surface film 
of water that the surface roughness of the road material 
probably becomes most important. A good bearing-surface 
must have no surface roughness that has a depth equal to 
the thickness of the oil-film; otherwise there will be a metal- 
lic contact and excessive friction. By the same token it 
appears that a good road surface should always have a 
surface roughness greater than the thickness of the water- 
film, so that there would always be contact with the tire 
through the water layer. 

We recognize that this is only reasoning by analogy, but 
we venture to do so for lack of any real information as to 
the relation of the surface roughness or smoothness of the 
road and the hold of rubber tires on them when wet. Be- 
cause of this lack of information and of the evident impor- 
tance of the subject, we believe there is need of a systematic 
research program that will furnish information on this and 
on other points to be mentioned later. 

Up to the present time, non-skid devices, such as tread 
forms and chains, have been applied to the vehicle. Is this 
the correct place for them? Can the road surface be de- 
signed so that it will have the desired non-skid quality or 
See THE 


JOURNAL, April, 1922, p. 280. 
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give the desired hold on rubber tires? May it not be prac- 
ticable to make a better non-skid surface on the road than 
on the tire? The road material being rigid, if a given type 
of roughness is found to be desirable and practicable to pro- 
duce, it will retain its shape under load, which formed rubber 
will not do. 

Even in the matter of non-skid tire surfaces, innumerable 
varieties of geometric forms are used. Is any one of them 
better than another? What are the principles governing the 
effectiveness of non-skid treads? It seems that the answer 
to the foregoing and many other questions of practical im- 
portance in the design of roads as well as of tires, can be 
answered only by a systematic research program, such as is 
suggested here. The question of surface is already being 
considered by the highway engineer. It seems that the tire 
makers and the builders of highways could get together on 
this problem with the makers of vehicles to their mutual 
advantage and to the great advantage of the general public 
who use both. 

We shall not attempt here to suggest the motive or scope 
of such a research program; suffice it to say that such a 
program need be neither long nor costly to yield important 
results in a virgin field. 


ROAD CONTOUR 


As for the effect of road roughness or surface contour on 
hold, it is common experience that a vehicle may skid on a 
perfectly dry road, the surface of which has become corru- 
gated. This is merely an exaggeration of what occurs on all 
roads that are not perfectly smooth as regards these major 
irregularities to which we have referred as road roughness. 
On even fairly good roads, the wheels often leave the road 
surface. While a wheel is in the air, it has no hold, of 
course and, when it returns, the static hold that it should 
have on an ideal surface may have been reduced to a sliding 
hold, which is far less effective, especially on a wet surface; 
in other words, the bouncing of a wheel starts a skid so far 
as that wheel is concerned. 

But even if the wheel does not leave the road surface, the 
instantaneous pressure upon the road may vary from zero 
to many times the actual weight carried by the wheel. 
Whenever the pressure is reduced, the hold or resistance to 
skidding is reduced in about the same proportion. Here 
logic tallies with experience, that skidding is promoted by 
even slight irregufarities in road contour, particularly at 
high speeds. The importance of this factor depends, of 
course, upon many things, such as tire-tread design, inflation- 
pressure, sprung and unsprung weight and the general 
balance of the vehicle. A study of the effect of the surface 
on the hold would be incomplete without some information 
on the general effect of road-surface contours. 

The results of such a study are likely to reinforce the 
latest conclusions of highway researchers, that road rough- 
ness of this kind is one of the things to be avoided at all 
costs, because of the destructive effect on the road of the 
bouncing of the wheels. The tendency to promote skid- 
ding should be an additional argument, if one is needed, for 
studying road surfaces. 


EFFECT OF RATE OF HEATING IN HARDENING STEELS 


popes: the rate of heat for hardening is apparently 
4% of considerable importance, at least in some steels and 
under certain conditions where the control of dimensional 
changes in quenching is desired, it has rarely been accurately 
regulated. This question is therefore of vital importance to 


manufacturers of die-castings and in the production of thread 
gages. 


At the Bureau of Standards recently a series of 16 


samples of chrome-vanadium die steel was hardened using 
various heating rates and the dimensional changes noted. 
The desired uniformity of results was not always obtained 
but in view of the discrepancies found in other types of test 
on the same steel, it is believed that the metal did not have 
the required uniformity. Similar tests of different steels are 
now being carried out. 
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The Aluminum-Alloy Piston 


By James E. Diamonp' 


Derroir Section PAPER 


FTER stating that the piston and its rings are 

expected to maintain compression, keep the gases 
of combustion within the combustion-chamber and pre- 
vent the heavy unburned ends of the fuel from diluting 
the lubricating oil in the crankcase to as great an 
extent as is possible, the author mentions the relation 
of the piston to compression and states the necessity 
that the piston shall move in the cylinder within the 
closest possible clearance-limit and discusses the 
thermal characteristics of aluminum in their relation 
to these requirements. Piston and cylinder relations 
are considered, inclusive of wear, and aluminum alloys 
suitable for pistons are discussed, tabular data and a 
chart relative to heat-treatment being given. The 
progress of design is outlined and ring-groove wear is 
commented upon, together with other factors affecting 
piston design. 


T is only comparatively recently that real progress 

could be reported in regard to the aluminum-alloy 

piston but, in view of my early connection with its 
commercial development and a rather intimate connec- 
tion with it since then, I will sketch its history briefly, 
including past experience and subsequent development. 

As a first step in recording the progress that has been 
made since the alloy piston came to be considered com- 
mercially, I will analyze the problem by stating the func- 
tion of the piston, the service required of it and what 
happens to it while rendering this service. Admittedly, 
this is very elementary treatment. Aside from the me- 
chanical considerations involved, the piston and its rings 
are expected to maintain compression and to keep the 
gases of combustion where they belong. Further, this 
combination is expected to do its share in keeping the 
lubricating oil out of the combustion-chamber and the 
unburned heavy ends of the fuel out of the crankcase 
lubricating oil to as great an extent as possible. These 
are the fundamental considerations, but there is an 
incidental one of rather vital concern in the relation of 
the piston to compression. A requirement that will help 
to meet the major premise is that the piston shall run in 
the cylinder within the closest possible clearance limit. 
The point as to compression is that the more readily a 
piston is able to yield up the heat absorbed by it during 
the impulse stroke and, likewise, the heat created during 
the adiabatic compression, the higher the compression 
can be without causing the phenomenon generally known 
as detonation. 

Broadly speaking, it is a matter of general knowledge 
that the alloys of aluminum have thermal characteristics 
highly favorable to meeting the latter condition; arid, at 
the same time, another characteristic that, in the past, 
has not been particularly favorable to meeting the former. 
In other words, the high thermal conductivity of alumi- 
num is of great usefulness, but alloyed aluminum might 
have even greater usefulness as a material for the manu- 
facture of pistons if the coefficient of thermal expansion 
were of smaller magnitude. Occasionally, it is rumored 
that a non-expanding aluminum alloy has been developed ; 
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but, so far, substantiation has always been lacking. As 
a matter of fact, it may come to pass that we shall find in 
this particular characteristic a valuable attribute. 

Turning now to those difficulties experienced in the 
past with the alloy piston that are directly attributable 
to the hitherto not particularly desirable characteristic 
of high thermal conductivity, the main problem has been 
to fit the piston with a clearance sufficiently small to 
insure silent operation without piston slap at all times, 
and to keep the lubricating oil out of the combustion- 
chamber, yet at the same time to maintain sufficient 
clearance between the piston and the cylinder wall to 
avoid the danger of piston seizure and possible scoring 
in the upper speed-range. It is only fair to state that 
this problem is not present in every case. Engines, like 
human beings, seem to possess individuality. Another 
difficulty probably indirectly created by this same pro- 
pensity of expansion has been the matter of wear in the 
ring-grooves. 


PISTON AND CYLINDER RELATIONS 


Attention is now directed to consideration of the rela- 
tion of the piston and the cylinder. 


The problem of wear 
is the dominant one. 


If the problem is approached with 
an open mind, it will be conceded that much of the 
criticism heaped upon the alloy piston in years past has 
been entirely unwarranted in many respects and perhaps 
none more so than in this particular one. If the employ- 
ment of the alloy piston is justified at all, and I hold that 
this is not open to argument, it is the duty of those con- 
cerned to see that this piston is put to work under favor- 
able conditions; in other words, to see that the cylinder 
is properly prepared. In the last analysis this is squarely 
up to the engineer. His foremost consideration should 
be to see that the ideal condition is approached as nearly 
as possible. It is imperative that as finely finished cylin- 
ders as possible be produced. Perhaps it may cost more 
to accomplish this, and it may even be necessary, to get 
the best results, to lap-in the cylinder with special equip- 
ment approximating the running-in with iron pistons. I 
mention this because the best results I have ever ob- 
served in the way of minimum piston and cylinder-wear 
have been where alloy pistons have replaced iron pistons 
in cylinders that had been run-in with the latter. The 
alloy piston demands this consideration as its right, en- 
tirely regardless of the fact that a slight additional 
initial expense in producing a better bore and finish prob- 
ably will be more than offset in the long run in the way 
of performance and service. The preceding has all 
related to a consideration of what might be termed avoid- 
able wear. There are, of course, other angles to this 
matter of wear, but the data I have collected are so 
contradictory that I will draw no definite conclusions, al- 
though some of this contradictory evidence is submitted 
herewith as a matter of general information. 

Much has been said recently about the abrasive nature 
of road-dust and its destructive tendencies, when drawn 
into the engine through the intake system, with special 
reference to its lapping effect and resultant piston and 
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cylinder-wear. This is undoubtedly a factor, but it is 
difficult to say how important a one. During the war I 
spent some time at one of the plants of the Holt Mfg. Co. 
The records show clearly that, in agricultural work, were 
it not for the air-cleaner with which its engine 
equipped, it would be necessary to replace pistons and re- 
grind cylinders several times each season. Contrasted 
with the foregoing, some experimental work has been 
done recently by an organization having unique trans- 
portation problems, to determine the amount of road-dust 
drawn into the intake system. This has shown an ac- 
cumulation of less than 0.500 oz., or 0.032 lb. in a 3000- 
mile test. This is 0.010 lb. per 1000 miles, or about 75 
gr., which is only a rather small teaspoonful. While this 
dust was not analyzed to determine the exact proportion 
of abrasive material, the presumption is that it was high, 
because the experiment was conducted over city streets. 
It would not seem that this amount of dust drawn into 
an engine per mile of service and divided among a num- 
ber of cylinders would cause appreciable wear. Again, 
there is no certainty that most of this dust might not be 
blown out during the exhaust stroke. So, here we have 
two opposing results. If it is decided ultimately that this 
is a major cause of piston and cylinder wear, the employ- 
ment of an air-cleaner or filter will be recommended 
strongly. 

Other interesting facts have been noted in connection 
with this matter of wear. One is that the results are not 
at all consistent and a precise explanation of this incon- 
sistency is still lacking. In some cases a piston shows no 
wear after considerable mileage, but the cylinder shows 
appreciable wear. Ordinarily, the wear is divided. Re- 
cently | examined a set of pistons approximately 5 in. in 
diameter that had been taken out of a truck engine after 
the truck had run approximately 80,000 miles. Strange 
to say, no measureable wear was discernible and the 
cylinder wear was normal. It is not outside the realm of 
possibility that some permanent growth compensated for 
the wear that actually took place, although this is more or 
less discounted by the fact that the original tool-marks 
were still visible, and that these particular pistons, which 
were of the Franquist type, were cast from an alloy that 
does not seem to have any tendency to grow under 
ordinary operating conditions. 

Concerning the relation between piston hardness and 
wear, the results at present are more or less inconclusive 
because so many factors are involved. The Brinell- 
hardness test apparently does not tell the whole story. 
I have been loath to believe the tendency toward greater 
hardness a correct one, and I think that unusual hardness 
can be gained only at the sacrifice of other desirable 
qualities. This judgment may be entirely wrong, but I 
have not yet forgotten some disastrous experiences in the 
early days of development. In some respects the service 
exacted of a piston is related to that exacted of a babbitt 
bearing, which is soft and yet has remarkable wear- 
resisting qualities. Further, recent experimental work 
seems to confirm the opinion expressed previously in re- 
gard to the not entirely conclusive nature of the Brinell 
test. However, this experimental work has not been 
entirely completed, and so it is not safe to draw definite 
conclusions. These experiments have been conducted 
with pistons made from two of the newer alloys and, 
while one of the alloys shows only a maximum hardness 
of 55 and the other a maximum hardness of 65, in the 
case of neither alloy is there any measureable piston- 
skirt or cylinder wear. The condition of the ring-grooves 
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may tell another story ultimately. 
Further, I am convinced that design is a factor also. 
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In connection with some experimental work being con- 
ducted with pistons of one of the newer designs, per- 
ceptible and therefore excessive wear has been noted in 
less than 3000 miles. This result is not based on the re- 
sults with a single engine, but with two distinct groups 
of engines. It is interesting to observe that the wear 
was actually much greater than was the case with pistons 
of conventional design, but which could not be used be- 
cause of inability to eliminate piston slap. An analysis 
of the design in question convinces me that there are 
elements in it that are not sound and contribute to the 
results noted. 
ALUMINUM ALLOYS 


The goal from the very outset has been to produce an 
aluminum alloy that would have those characteristics of 
the iron piston that are good and none of its bad ones, 
still retaining all the marked advantages inherent in 
aluminum as a basic material. Part of the problem is 
metallurgical, and part of it relates to engineering. The 
responsibility of producing an alloy having the proper 
strength and wearing qualities, one that would retain its 
hardness, would still be soft enough not to score the 
cylinder if seizure takes place, would prove entirely 
stable, would dispose of the maximum quantity of heat 
and possess all of these qualities at high temperature, 
was and is primarily within the province of the chemist. 
Proper design constitutes the responsibility of the 
engineer. 

In reference to the metallurgical aspects of the prob- 
lem, I reached the conclusion some years ago that the 
aluminum-nickel-copper-magnesium class of the alloys 
known then was the best suited as a material for the 
manufacture ‘of pistons. No profound reasoning was in- 
volved in drawing this conclusion, since it was based on 
the observation that pistons cast in this class of alloy 
almost invariably seemed to give better accounts of them- 
selves. 

Another very valuable fact was discovered in the 
laboratory while settling an argument concerning heat- 
treatment and piston growth. An extensive series of ex- 
periments through a wide range of temperatures dis- 
closed no tendency of this alloy to grow. The tendency 
was rather the reverse, strange though this may seem, 
and was wholly in contrast with.the results obtained in 
a similar series of experiments with a piston cast from a 
different alloy in which growths as much as 0.002 in. 
per in. of piston diameter had been established. While 
the work had the determination of the proper treatment 
to insure initially a maximum permanent growth as its 
object, in addition data as to distortion were gathered. 
This also was ascertained to be a negative quantity. In 
passing, this phenomenon of permanent growth first 
came to my attention in 1915, in connection with its 
occurrence in the alloy pistons used in Stutz racing en- 
gines. It appeared at the time that this phenomenon 
would have an academic interest only. 

With the above problem particularly in mind, a vast 
amount of research work in connection with light alloys 
has been done within the past 4 years. Probably Dr. 
Walter Rosenhain, a foremost metallurgist in Great 
Britain, has delved most deeply into various phases of 
the work, assisted by the staff of the British National 
Physical Laboratory. After a most thorough investi- 
gation of the various known alloys, a vast amount of 
original work in the development of new ones and an 
exploration into the possibilities of all classes down to 
the last detail, Dr. Rosenhain finds that an alloy having 
the following general analysis: copper 4.0, nickel 2.0, 
magnesium 1.5 and aluminum 92.5 per cent, has by far 
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the greatest possibilities of any alloy thus far developed 
where work must be performed under an incubus of high 
temperature, not excepting duralumin. An alloy of this 
general analysis was developed in Germany approxi- 
mately 20 years ago; but, apparently, its possibilities 
had not been explored so exhaustively before. This par- 
ticular type of alloy has many characteristics that are 
desirable in an alloy piston particularly. This is the 
explanation for the improved performance previously 
described as having been noted with pistons cast from 
this alloy. Its physical properties are remarkable in a 
number of respects, none of which is more remarkable 
than its response to heat-treatment. In connection with 
the data given in Table I and the curves shown in Fig. 1, 
I had hoped to present figures showing to what extent 
the remarkable properties acquired by heat-treatment 
were affected while actually being subjected to tempera- 
tures approximating those prevailing in a piston while 
operating in an engine; but these are not available at 
present. The 2-per cent elongation of this alloy is taken 
at 60 deg. fahr. The decrease in tensile strength of it 
up to 400 deg. fahr. is negligible. Its tensile-strength de- 
creases slightly above that temperature and the Brinell 
hardness is reduced as shown. 


TABLE 1—PHYSICAL CHARACTERISTICS, AS CAST. 
ELONGATION 2 PER CENT 
Temperature, Tensile-Strength, 3rinell 

deg. fahr. lb. per sq in. Hardness 
60 29,000 80 to 90 
0 Cae ee 75 
iti ae ee aah 9d SP 67 
500 24,500 60 
600 17,500 51 
700 11,000 30 
ES ae eee arene 17 


This alloy can be given various tensile-strengths by 
heat-treatment, from 33,500 lb. per sq. in. after a simple 
treatment to 47,000 lb. per sq. in. after a more complex 
one. This alloy is stable. Duralumin apparently is not. 
It is known that all of the acquired characteristics are 
not lost under the operating conditions in an engine; 
therefore, there is undoubtedly some advantage in the 
treatment. It can be presumed that the required prop- 
erties will be affected much less in the skirt than in the 
ring-carrying portion of the piston. Of course, it is pos- 
sible to obtain a much higher “as-cast” hardness, and an 
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even greater hardness after heat-treatment with other 
alloys higher in copper. This can be done also with the 
alloy in question by making slight changes in the formula 
but, apparently, this is accomplished only at the expense 
of other more desirable qualities. Toughness is sacri- 
ficed for brittleness; consequently, such alloys are not 
particularly desirable ones to handle in the plant. Fur- 
ther, all the evidence indicates that, with the present 
known alloys having high hardness at normal tempera- 
ture, the drop in hardness is very rapid with an increase 
in the temperature. Considering one of the other alloys 
used as a piston material with an initial as-cast Brinell 
hardness of approximately 80 at normal temperature, 
merely for comparison, this drops to 72 at 300 deg. fahr., 
63 at 392 deg. fahr., 34 at 500 deg. fahr. and 13 at 750 
deg. fahr. The tensile-strength of approximately 29,000 
lb. per sq. in. as cast, drops to 15,700 lb. per sq. in. at 
500 deg. fahr. and to 9000 lb. per sq. in. at 650 deg. fahr. 
This all has a great bearing on wear, particularly on 
ring-groove wear. 

Having surveyed the phases pertaining to past experi- 
ence with the conventionally designed alloy piston broadly, 
I will now discuss the progress in the field of design 
made within the same period. Probably the greatest 
advance has been made in the solution of the most 
troublesome problem, that of coping with expansion so 
as to prevent piston slap and piston seizure at all tem- 
peratures. Three attempts to determine piston tempera- 
tures were made in the very early stages of its commer- 
cial development; among these were two that, in three 
instances, personally known to me, really gave valuable 
data. The method used in two of the three experiments 
involved the soldering of small balls with 
various melting-points at various spots about the in- 
terior of the piston. One fact particularly impressed 
me at the time, this being that the experiment showed 
a piston-head temperature of approximately 600 deg. 
fahr. and a skirt temperature several hundred degrees 
This did not harmonize with the belief commonly 
held then that, due to the high thermal conductivity of 
aluminum, the skirt temperature would be not very much 
less than that of the head. The other method was the 
insertion of polished steel discs in various parts of the 
piston and, upon completion of the experiment, the com- 
parison of the discoloration with a standard color-chart. 


solders of 


less. 


RING-GROOVE WEAR 


Among the other phenomena noted was the progressive 
decrease in ring-groove wear from the top of the piston 
down. This revealed the nature of the heat conditions 
prevailing in the ring-carrying portion of the piston, and 
showed that a tremendous amount of heat was being 
dissipated, or conducted into the cylinder, through the 
rings. Some further indications of the rapid drop of 
temperature from the top to the bottom in the ring 
carrier were given by the condition of felt packing placed 
back of the rings. This was in connection with some 
experiments made with a view to the elimination of oil- 
pumping. The felt back of the top rings charred badly 
in course of time; back of the second ring it did not 
char nearly so much and back of the third ring charring 
was absent. Incidentally, the general accuracy of the 
piston temperatures shown in the ball-and-solder experi- 
ments was confirmed in the experimental work of much 
more delicate nature and having exactly the same objec- 
tive that was sought at the British National Physical 
Laboratory and attained just before the end of the war 

However, the significance of all of the foregoing con- 
siderations did not impress or influence the industry at 
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the time. A number of conclusions were drawn as to 
what was actually effected by the partial separation of 
the head and the skirt. Among these was the conclusion 
that such separation interrupted the flow of heat from 
the head to the skirt somewhat in the same fashion that 
a check in a piece of steel visibly retards heat-flow as 
shown by the color at each side of the check. Analysis 
and a simple experiment showed that this conclusion is 
not tenable since, while the heat-flow wis retarded, it 
was not checked permanently. An attempt had been 
made only a short time previously to arrive at some 
formula for determining piston-skirt clearances based 
on an average skirt-temperature of 250 deg. fahr., this 
figure having been found as approximately correct in the 
British National Physical Laboratory experiments. The 
calculation was simple enough, since the temperatures of 
the piston and the cylinder and the respective coefficients 
of expansion involved were all known qualities, but the 
clearances revealed by this mathematical determination as 
being necessary were in every instance less than those 
required in actual practice, in some cases by several 
thousandths of an inch. The only apparent conception 
that explained this was that the radical expansion of the 
head was so great that it carried the skirt wall, expand- 
ing to a much less degree with it. This hypothesis is 
supported by the fact that a well-designed piston, but 
machined with the skirt tapered an excessive amount 
from the bottom of the skirt to the top, can be fitted 
without the least trouble at the lower end with the clear- 
ances theoretically determined. The magnitude of the 
expansion force exerted by the head is indicated by the 
fact that, in many cases, an examination of the scored 
area discloses some evidence of fusion, this signifying a 
tremendous friction-loss. It should be accepted as funda- 
mental that the skirt must be relieved wholly or in part 
of all stresses created by this mechanical expansicn. 


PISTON DESIGN 


This discussion of development would not be complete 
without mentioning the design of piston well known as 
the Liberty type. I have never felt that this had any 
place in the automobile engine. It was created to meet a 
particular condition, and, in the light of present-day 
knowledge, it probably would meet it just as well if the 
design of the skirt portion had been along conventional 
lines, disregarding entirely the question of partial head 
and skirt separation. As far as ribbing is concerned, I 
went on record in 1915 that a piston is usually better 
without ribs, or rather with the equivalent metal used 
to increase head thickness. Ribbing usually is suggested 
only when die-operating conditions must be met. 

In addition to the development of the free-skirt piston, 
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it is felt there has been a marked advance in design as 
to ring employment; relative to the difficulties occasioned 
with ring-groove wear. As is known, a series of loose 
rings makes an admirable pump. It is only recently that 
any real thought has been given to the matter of ring 
equipment. When the alloy piston was adopted, usually 
the same rings were employed as had been used on the 
supplanted iron piston. The combination that generally 
resulted was not a particularly favorable one. From the 
data given in Table 1 on hardness and how hardness is 
affected by heat, it will be appreciated that, under oper- 
ating conditions, in addition to an increase in groove 
width due to expansion, there is also a considerable de- 
crease in the hardness of the material in this part of the 
piston. Rings used with iron pistons usually have had 
and still have generous sections; so, here was a relatively 
heavy mass, of greater hardness and constantly resisting 
translation, in effect an anvil, on which the piston land 
or groove sides were hammering several hundred times 
per minute. In course of time, this peening action pro- 
duced the wear noted, it being progressively less from 
the top ring down and having a direct relation to the 
decrease in piston temperatures from ring to ring, and 
to the state of hardness also. While the value of an alloy 
not susceptible to high temperature is at once apparent, 
the general situation has been improved materially, since 
the condition was recognized, by the perfectly logical 
step of decreasing the ring mass as far as possible; con- 
sequently, decreasing whatever resistance there is to 
translation due to inertia by reducing the width of the 
ring face and increasing the ring wall-thickness or depth 
to as great an extent as possible. In other words, the 
destructive peening force has been reduced materially, 
and a very much larger area has been presented to with- 
stand it. 

So far as fundamentals are concerned, the considera- 
tions involved in correct piston design are exactly the 
same today as in 1915, at which time I developed and 
presented formulas for a standardized design in a paper 
on Aluminum Alloy Piston Design.* In the main the ex- 
perience of the past 7 years has vindicated the correct- 
ness of the design then laid down. In discussing E. G. 
Gunn’s paper on Aluminum-Piston Design,’ I advocated 
the use of much narrower rings and more of them and 
then continued by saying: 


I am more confident than ever that the aluminum- 
alloy piston is a sure thing. We may still have some 
troubles with it, but some one will solve them. . . 
I think this piston will be very much along conventional 
lines, yet embracing some special feature that will 
permit close fitting and at the same time allow the 
piston to yield when it would ordinarily seize. 


[The discussion of this paper is printed on p. 228. | 
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Piston-Rings and Ring Grooves 


By C. R. 


Detroit SECTION PAPER 





HE author defines the purpose of a piston-ring for 

an internal-combustion engine as being primarily 
accomplished by such a design as will, with the aid of 
lubricating oil, seal the clearance between the piston 
and the cylinder wall in such a manner that the charge 
in the cylinder will be compressed and the full power 
of the explosion utilized to force the piston downward 
on its impulse stroke. 

The leakage of gas and oil past the piston is dis- 
cussed and a diagram is presented and explained in 
connection with the action of piston-rings throughout a 
cycle of engine operation. Desirable piston-ring fac- 
tors are mentioned and the advantage of multiple-piece 
rings over those of plain one-piece type commented 
upon. A table giving width and depth dimensions for 
piston-ring grooves is included. 


N a paper by H. H. Platt entitled Important Factors 
in Piston-Ring Design,’ that was presented at a 
meeting of the Washington Section, the following 
sentence struck me as being a rather strange statement: 


The purpose of piston-rings in an internal-combus- 
tion engine is to reduce to a minimum the leakage of 
gas from, and the seepage oil into, the combustion 
chamber 


I doubt that this is a proper definition of the purpose 
of a piston-ring in an internal-combustion engine. Would 
it not be better to say that, primarily, the piston-ring 
is designed so that, with the aid of the lubricating oil, 
it will seal the clearance between the piston and the cyl- 
inder wall in such a manner that the charge in the cylin- 
der will be compressed and the full power of the explo- 
sion will be utilized to force the piston downward on its 
impulse stroke? That appears to me to be a correct def- 
inition. The radiation of heat and the prevention of gas 
seepage and oil-pumping, although extremely important 
and of about equal importance, are purely secondary 
functions of the piston-ring. We read many statements 
about “bending-moment stresses,” “uniform radial ex- 
panding forces” and similar terms that are used by one- 
piece-ring advocates, but we note that, while they al! 
admit that the most serious losses occur by seepage of 
gas from, and oil into, the combustion-chamber and that 
this seepage is back of the ring, they never even suggest 
a remedy for these serious difficulties. 


GAS AND OIL LEAKAGE 
Mr. Platt states also that 


There are three possible paths for the leakage of 
gas past a piston-ring. Putting the least important 
first, these are (a) through the gap, (b) around the 
back of the ring, and (c) past the face 


Why does Mr. Platt consider the seepage back of the 
ring of less importance than the seepage past the face? 
That depends upon how well the ring is lapped-in and 
also upon how great a clearance has been worn by the 
reciprocation of the ring in the groove. It is a safe state- 
ment that the greater seepage is past the face in an en- 


1 Detroit distributor for the Pressure-Proof Piston-Ring Co., 
Boston 
2See THE JOURNAL, September, 1921, p. 195. 


Manes! 


Illustrated with DiaAGRAM 


gine that has been run less than 1000 miles, and it is 
just as safe a statement that the seepage is greater back 
of the rings in an engine that has been run a greater 
mileage. In the case of replacements of new plain rings 
in worn grooves, the seepage is always greater back of 
the rings; it cannot be otherwise. One would think that 
piston-rings alone were responsible for gas seepage. In 
fact, 75 per cent of the gas seepage is caused by leaky 
valves that necessitate the use of a heavy mixture to make 
all cylinders fire. Of course, a certain amount of gas is 
not vaporized and, consequently, not consumed; there- 
fore, it naturally flows down the cylinder wall into the 
crankcase. Care for the valves, use good rings, adjust 
the carbureter correctly and be careful not to abuse the 
choke in starting, and gas seepage of any consequence 
will cease to be. In other words, stop the sucking of 
liquid gasoline into the cylinders and there will be none 
there to seep. 

One-piece rings have bevel joints, step joints and many 
kinds of lock joints, but what does the joint matter when 
there is an open gap from 0.001 to 0.010 in. wide all 
around the ring? Hence, I relegate all one-piece rings 
to the same class, because not one of them even pretends 
to close the door to the gas seepage or oil-pumping that 
is made possible by the inevitable wear on rings and 
grooves. 

tegarding oil leakage, Mr. Platt says: 

It is of great importance to reduce to the minimum 
the volume of the space in the groove not occupied by 
ring material. Any such space acts as a first-class oil- 
pump and tends to fill with oil at the bottom of the 
stroke, where the conditions are those of suction and 
abundance of oil, and to empty at the top of the stroke 
when the oil is driven from the space by high-pressure 
gas. This fact eliminates the eccentric ring from 
serious competition and makes it important that the 
concentric ring should fill the groove as completely as 
safety permits 
Let us see how far this line of argument is applicable 

Fig. 1 shows a piston of a four-cycle engine at the end of 
each stroke; the shaded area indicates oil which has been 
scraped from the cylinder wall and shows what becomes 
of it. Mr. Platt is right thus far but, while I am not 
an advocate of eccentric rings, his argument against 
them is wrong because the space back of the ring is of 
no significance whatever. The reciprocating space is all- 
important, because no more oil can pass the rings in this 
way than the reciprocating space will allow. By being 
greater than the ring, the depth of the groove will not 
cause leakage of gas, compression or oil, unless the clear- 
ance has increased. But the trouble with the eccentric 
ring is that it is deep in the center and shallow at each 
end; therefore, the wear will be unequal and the wear in 
the groove will be unequal also. Hence, it is plain that. 
the deeper the groove is and the deeper the ring, the less 
the wear on both the ring and the groove will be and, 
consequently, the longer the satisfactory operation of an 
engine so equipped will continue. 

Following the piston in the diagram at the left of 
Fig. 1 through the four strokes, the diagram shows what 
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has taken place on the impulse stroke. On the exhaust 
stroke the rings are driven to the bottom of the groove 
and the oil is driven around and back to the top of the 
ring; so, when the ring reaches the top and is ready to 
start on the intake stroke, the oil is there ready to be 
sucked to the head of the piston by the partial vacuum 
created, only to be driven into the combustion-chamber on 
the compression stroke; and this constitutes an oil- 
pumper. The positions of the rings on the down-stroke 
and the up-stroke, respectively, should be noted. All 
shaded spaces shown on the diagram in Fig. 1 indicate 
the reciprocating space and the space back of the rings 
in the grooves, exaggerated, of course. 

A piston-ring should be made of soft gray-iron con- 
taining graphitic carbon and be designed so that it will 
fill the groove permanently, without reciprocation or 
sticking in the groove. It should maintain a light and 
uniform pressure against the cylinder wall, thereby giv- 
ing a minimum amount of frictional heat and, conse- 
quently causing a minimum amount of cylinder wear. It 
is an undisputed fact that a one-piece ring cannot be 
given, permanently, the inherent wall-pressure that is 
necessary; therefore, since it is apparent that all of the 
qualifications demanded cannot be embodied in a one- 
piece ring, it is imperative that the multiple-piece ring 
be resorted to if efficiency is to be obtained for any con- 
siderable time. The contact section must be expanded 
against the cylinder wall to obtain wall pressure and it 
must be held firmly against one or both of the groove 
lands, because it must not reciprocate in the groove or 
we will not have improved over the one-piece ring. Fur- 
ther, this expanding and wedging must be done perma- 
nently, through ever-varying temperatures. The prob- 
lems thus are multiplied, but we know that one or more 
companies in this Country have solved these problems. 
We should cease building engines that last only through 
the guarantee period, add somewhat to their production 
cost and turn out engines that will operate efficiently for 
at least long enough to cause the owner to feel that the 
money he must spend in upkeep is justified by the good 
service he receives. 

Another very important function of the piston-ring is 


. the part it plays in heat radiation. It is known that ap- 


proximately 90 per cent of the heat that leaves the piston 
is conducted by the rings into the cylinder wall; therefore, 
is it not reasonable to say that the deeper the rings are, 
the wider the contact will be; and that the less recipro- 
cation there is, the greater and more even will be the 
flow of heat? Hence, deep grooves are essential. Let 
me say to the advocate of the narrow-faced ring that my 
personal experience proves that excessive wear on cylin- 
ders has resulted whenever and wherever it has been 
tried. For instance, compare a ring with a ‘%-in. face 
that has a 10-lb. per sq. in. pressure against the cylinder 
wall with a 4-in. ring having the same cylinder-wall 
pressure. There will be no difference so far as frictional 
heat is concerned, but the same pressure will be distrib- 
uted over a wider area of wall surface by the larger ring 
and the cylinder wear will be correspondingly less. Con- 
sequently, too much importance cannot be attached to the 
proper width and depth of the grooves. 

I have been specializing in stopping gas seepage and 
oil-pumping in engines for more than 3 years, and can 
say that I have kept a lathe and one man fairly busy in 
truing-up worn grooves, deepening and widening them so 
that they would permit the use of an efficient ring. Many 
pistons have been brought to me during this period and, 
owing to the lack of stock back of the rings and in the 
groove lands, it has been futile even to try to cure their 
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defects; but, in cases where groove depth and groove 
width have been ample or where widening and deepening 
have been possible, my success has been uniform, although 
there have been instances where new and stronger valve- 
springs have had to be used. 

There are many piston-ring manufacturers and while 
it is true that most of them use a plain one-piece ring 
owing to its simplicity, ease of installation and low cost, 
it is just as true that the man who buys a car equipped 
with rings of this type and is troubled with gas seepage 
and over-oiling often replaces them with some multiple- 
piece rings that he believes will improve the operation 
of his car. To do this he often is obliged to widen and 
deepen the grooves at his own expense or, possibly to pur- 
chase a new set of pistons. Therefore, knowing that 
this will occur, why not give to the purchaser of a car a 
plain ring designed to give the best service for the long- 
est period of time, and provide a groove depth and width 
that will enable him ultimately to employ a multiple-piece 
ring without unnecessary expense, renewing the life of 
the engine and eliminating the nuisance of fouled spark- 
plugs, smoke and the quick deterioration of the lubricat- 
ing oil by gas seepage? 

An efficient multiple-piece ring cannot be forced into 
the space provided for a shallow, narrow ring. In de- 
signing, one should always remember that the piston- 
rings do more work and withstand more strain and wear 
than any other part of the engine, that.a plain one-piece 
ring is sure to be the first part of the engine to need 
replacing and that it is futile to replace a plain ring in a 
worn groove with another plain ring. If, on account of 
manufacturing costs, one cannot use a long-lived piston- 
ring, one at least can make provision for using rings for 
possibly a year after the car has been sold and the guar- 
antee period has passed; one should not multiply the 
problems of the purchaser of piston-rings by making it 
impracticable and unnecessarily expensive for him to re- 
new the power and efficiency of his engine. I have pre- 
pared Table 1 with this in view. It is a schedule of 
widths and depths of grooves that will be ample for all. 


TABLE 1—WIDTH AND DEPTH SCHEDULE FOR PISTON-RING 


GROOVES 
Groove Groove 
Width, Depth, 
Diameter of Piston, in. in. in. 
3, and under 3/16 5/32 
Over 3, to 3%, inclusive 1/4 11/64 
Over 3%, to 4, inclusive 1/4 3/16 
Over 4, to 5, inclusive 5/16 1/4 


Over 5, to 6, inclusive 5/8 5/16 





= 


2 IE wT 


a eae 


Vol. XI 


September, 1922 No. 3 





264 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


The diagram at the right of Fig. 1 shows a piston 
equipped with one plain piston-ring in the top groove, a 
three-part pressure-proof ring in the middle groove and 
a two-part pressure-proof junior ring in the lower 


groove. It illustrates the non-reciprocating features of 
both multiple-piece rings. The shaded portion shows the 
space back of the two lower rings. 

|The discussion of this paper is printed on p. 228. | 


CHRONICLE AND COMMENT 


(Continued from p. 224) 


will be written by men engaged in the study of motor- 
car production for the larger Detroit passenger-car 
builders. The Studebaker, Packard, Wills and Ford com- 
panies have assured the Society of their cooperation in the 
meeting. Other companies are favorably considering rep- 
resentation on the program. Special factory inspectior 
trips will be conducted by production executives each af- 
ternoon to supplement the papers. The Production Din- 
ner on Thursday evening, Oct. 26, will be the first gather- 
ing of the kind supported by production executives and 
factory men whose genius has given the United States 
its world-dominant position in the economical production 
of motor vehicles. The Production Meeting is intended 
to serve the producing arm of the industry as a forum 
for collective reasoning and the free interchange of ex- 
perience on manufacturing methods and processes. If it 
matches the results in the engineering field as repre- 
sented by the S.A.E. Standards and Fuel Research work, 
then the meeting will be a credit to the Society. 


The Section Meetings 


ECTIONS meetings are an important phase of the 

Society’s work. The wide geographical distribu- 

tion of our membership prevents a majority of the 
members from enjoying the privilege and benefits of 
attendance at the national meetings. The multiplicity 
and diversification of automotive engineering problems 
make it increasingly difficult to cover the art adequately 
in the limited time available at the national meetings. 
Only problems that are urgent and of greatest genera! 
interest can be treated. Section meetings fill the gap. 
They provide the advantages of group study and dis- 
cussion for many members who could not enjoy them 
otherwise. Papers in specialized fields find their proper 
place on the Sections’ programs. Detroit Section meet- 
ings are logical forums for passenger-car discussion, 
Dayton for airplane subjects, Minneapolis for power- 
farming and so on. 

Sections meetings are by no means of lesser rank, value 
or interest than national meetings. The attendance is 
often as large as at the national technical sessions. Cred- 
itable Section papers have equal status with those pre- 
sented at national meetings and receive the same consid- 
eration in THE JOURNAL. Discussion of them is often more 
productive of valuable information because of the pres- 
ence of a large group of specialists and the longer dis- 
cussion period that is generally available. 

Attend the meetings of your Section. Maintain a more 
intimate relationship with the Society through your local 
organization and you are certain to place a higher value 
on your membership. Read the announcements on the 
Sections page of THE JOURNAL each month. You will 
find them on p. 292 of this issue. 


Simplified Practice 
O Secretary Hoover, of the Department of Com- 
merce, lessening of waste, estimated at from 25 


to 40 per cent of our total industrial effort, is es- 
sential to the maintenance of our rightful position in for- 


eign trade. Simplification, that is procedure as to sizes 
dimensions and materials that does not involve unneces- 
sary elaboration, complication or addition, is a chief 
means to this end. Standardization, in the sense of 
normal uniform Sizes or amounts, or a definite degree of 
any quality, viewed as a prescribed object of endeavor or 
a measure of what is adequate for some purpose, is of 
course closely allied to such procedure. 

In this connection, the Division of Simplified Practice 
of the Department of Commerce, of which W. A. Durgin 
is the chief, offers clearing-house facilities and the mora! 
support of the Government. Mr. Durgin points to the 
fact that there has been too little fundamental investiga- 
tion and economic development of basic lines; it has 
seemed much simpler to start new varieties of endless 
products. He urges that the best feasible practices be 
made effective so far as possible, industrial representa- 
tives working out in conferences held under Government 
auspices recommendations embodying the most promis- 
ing solutions of vexing problems, and the Government in 
turn accepting these recommendations as its own. Mr. 
Durgin says: “The craftsman can create just as beau- 
tiful a Chippendale if he adheres to a length of 6 ft. 3 in. 
as if impulsively he adopts 5 ft. 11 in.” In addition, that 
all industries had better guard against over-diversifica- 
tion. The only reason for dimensional standardization of 
assembly units is to secure interchangeability; and this 
should be secured except in rare cases where proper free- 
dom in design work would be curtailed. 

Committees appointed by the Society and by the Na- 
tional Automobile Chamber of Commerce, to work with 
the Department of Commerce in the matter of the ap- 
proval of practices and of the consequent distribution 
of Government reports of the kind indicated in the auto- 
motive field, have recognized the need for greater sim- 
plification in connection with storage-batteries, bali bear- 
ings, spark-plugs and tires. Additional formal sessions 
of these committees will be held in Detroit next month. 

At the last meeting of the Society, R. M. Hudson, of 
the Division of Simplified Practice, emphasized the im- 
portance of standards developed through many years of 
practical experience by men who have learned how to 
reduce the best of technical practice into sound commer- 
cial products. 

The Department of Commerce, in contact with scores 
of industries through their trade organizations, has com- 
pleted some “simplifications”; each industry having been 
asked what work of the kind it considered would be of 
greatest advantage to it and consumers. The department 
seeks to bring together the commercial and the technica! 
groups interested with the purpose of securing unani- 
mous recommendations. It is felt that through wide dis- 
tribution of pamphlets incorporating the recommenda- 
tions, and following-up with regard to their reduction to 
commercial practice, more support of the best industrial 
thought can be had. 

The Department of Commerce is expecting the Society 
to extend its efforts beyond the technical and commercial 
phases into that of economics. 
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The Winslow Automotive Boiler 


By CHARLES B. PAGE! 
Y 


MINNEAPOLIS SECTION PAPER 


dente dwelling upon the properties of high- 

pressure steam and the ecanomies resulting from 
its use, the paper describes and illustrates the con- 
struction of the Winslow boiler. Efficiency curves are 
presented and data are given in support of the claim 
that, per ton-mile or other work done, steam power 
and gas power are about at a stand-off in weight of 
fuel consumed. 

It is asserted that the preponderance of opinion is 
to the effect that any wide automotive application of 
steam power must come through the use of the water- 
tube type of boiler. The history of the Winslow boiler is 
outlined and its advantages are enumerated, illustra- 
tions and tabular data being presented in substantia- 
tion of the claims made regarding its satisfactory 
performance. 


HERE are many evidences of a widespread and in- 

creasing interest in the application of steam 

power to automobiles, trucks, tractors, unit rail- 
road cars and the like, especially where the duty is heavy 
and where breakdowns result in losses all out of pro- 
portion to the cost of repairs. This interest is not new. 
It is basic, indicating an instinctive feeling on the part 
of engineers, producers and users that, if rightly applied, 
steam will compete more and more actively with the 
internal-combustion engine in the automotive industry. 

I believe it would be perfectly safe for any impartial 
investigator to state that the great buying public is sold 
on steam; that capital is friendly; that the manufacturer 
is open-minded; and that, given a suitable boiler, the 
engineer is ready to back steam power with all his repu- 
tation. Aside from the psychology of the thing, which 
may be due to the familiarity of several generations with 
steam power, to its almost exclusive use aside from water- 
power as a prime-mover, and to that feeling of power 
and reliability as we sense it in the movement of pas- 
sengers and freight over our railroad system, there is 
the matter of lower operating cost, greater simplicity 
and lower maintenance cost as compared with gas ‘power. 
And beyond that is the very pressing issue of the con- 
servation of volatile fuels. 

It is not purposed in this paper to dwell upon the 
properties of high-pressure steam and the economies from 
the use of it. This matter has been covered admir- 
ably by contributions to the technical press and the engi- 
neering societies and is pretty generally understood by 
engineers everywhere. Suffice it to say in review and 
based on theoretical considerations, the Rankine theory, 
that the efficiency increases rapidly with a rise in pres- 
sure. Fig. 1 shows the efficiency curve from 100 to 600 
lb. per sq. in. absolute pressure. In practice, there are 
several losses that cut down these theoretical efficiencies, 
including especially the loss due to initial condensation. 
However, this loss can be and is substantially eliminated 
by adding a moderate amount of superheat to the steam. 
Authenticated laboratory performances of high-pressure 
steam-engines show a steam consumption ranging down 
to 12 lb. of steam per b. hp-hr. Allowing 10 per cent for 
driving auxiliaries, such as pumps, fans and the like, the 
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Fic. 1—CuRVE SHOWING HOW THE EFFICIENCY OF A STEAM POWER- 


PLANT RISES AS THE PRESSURE Is INCREASED 


actual steam consumption per effective horsepower deliv- 
ered to the propeller-shaft would equal 13.2 lb. If we 
assume 80-per cent boiler efficiency and a heat value of 
the fuel of 19,900 B.t.u., the equivalent evaporation is 
16.4 lb. of water per lb. of fuel. This figure, translated 
into terms of steam at a boiler pressure of 400 lb. per 
sq. in., and a superheat of 100 deg. fahr. evaporated from 
a feed-water temperature of 120 deg. fahr., equals 13.01 
lb. of water per lb. of fuel. From these figures we arrive 
at an effective brake-horsepower per 1.01 lb. of fuel and 
an overall thermal efficiency of 12.6 per cent. Average 
field performance should be very close to these figures. 
The steam consumption stated is by the use of compound 
engines. The simple locomotive type of engine will use 
from 40 to 60 per cent more steam. The field perform- 
ance of a gas-powered vehicle will average about the same 
fuel-consumption per effective horsepower; that is, 1 lb. 
per hp-hr. A check on this is found in the mileage record 
of a popular steam car weighing 3800 lb., general reports 
indicating from 10 to 14 miles per gal. of kerosene, in 
spite of the fact that the engine is of the simple locomo- 
tive type and therefore uneconomical as compared with 
the compound type of engine. Nevertheless, this mileage 
is comparable to that of gas cars of similar weight and 
power. 

Therefore, it can be claimed safely that, per ton-mile 
or other work done, steam power and gas power are 
about at a stand-off in the weight of fuel consumed. 
Lower fuel-cost comes through the use of the heavier 
kinds of oil, any oil which will flow freely through a pipe, 
ranging, according to present-day prices, from 15 down 
to 6 cents per gal., depending upon the gravity and 
source of supply, compared with gasoline ranging from 
20 cents upward. As to simplicity, one authority claims 
that a steam plant has about one-half the number of 
moving parts required in a gasoline-engine power-unit of 
the same horsepower. The number of working parts is 
a consideration, but to the layman the most important 
matter is the ease with which powerplant troubles can be 
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diagnosed. In the main, one’s troubles with a steam 


plant are due to leaks that make themselves evident im- 
mediately. It may be a leak in a stuffing-box or a union, 
something that can be fixed with a wrench at the jour- 
ney’s end. The peculiarities of both powers must be 
understood to assure commercial operation, but after 20 
years of experience with gas power as engineer, sales- 
man and manufacturer, and a much shorter experience 
with steam, I am inclined to the opinion that the rela- 
tive simplicity of the two powers is about proportionate 
to the ratio of the number of their moving parts. 

In the matter of long life and maintenance cost, there 
is this in the main to be said: Steam power employs an 
expansive medium applied without shock or jar, whereas 
the power from an internal-combustion engine is in har- 
nessing a series of explosions. Broadly speaking, the 
steam-powered vehicle will run until it wears out, while 
the gas-powered vehicle fails through a breakdown, due 
to crystallization resulting from the explosions from 
which the power is derived. For proof, recall some of 
the old-timers on rail and water, in the factory and out in 
the woods, still wheezing away, not quite so efficient, 
perhaps, but still on the job, or, more to the point, note 


the year and the model of some of the ancient White 
and Stanley cars still in service. 
What of. the conservation of volatile fuels? Unless 


the rapidly increasing consumption of gasoline can be 
checked, the automotive industry will reach the point of 
saturation very shortly, simply because of the mounting 
price of that fuel. Save gasoline for those vehicles for 
which gas power is best adapted. Use the heavier liquid 
fuels for the heavier types of automobile, truck, tractor, 
motorbus, unit railroad-car and industrial locomotive. 
Make a wider use of waterpower for industrial and rail- 
road purposes and conserve coal for cooking and heating. 

This idea of the superiority of steam for automotive 
work persists in the mind of the public in spite of many 
failures during the last 10 years. Even capital does not 
seem to be discouraged, since today there is more expendi- 
ture for and more activity in steam power than ever 
before. Some of this work is being undertaken in a 
highly intelligent manner. Some of it is being done 
without any understanding of previous work and the 
present state of the art. Much of it is without any com- 


prehension of the basic principles of steam engineering. 
The field is not closed to the inventor, whether or not he 
be technical, but the really constructive work must come 











Fic. 2—LABORATORY EXPERIMENT SHOWING THE THEORY ON WHICH 


THE OPERATION OF THE WINSLOW BOILER IS BASED 


from the trained engineer, as in every other line of en- 
gineering endeavor. All honor to the Stanley Company 
for having kept the steam idea alive during the !ast 
decade. Its success has been due to the fact that in an 
engineering sense it has kept its feet on the ground. 
More particularly, we might say that its success has been 





due to the Stanley boiler. It supplies steam in relatively 
large quantity and of good quality. It is constant in ac- 
tion because it has a stable water-level. In design it con- 
forms to basic boiler principles and the laws of physics 
governing evaporation, circulation and separation. Of 
the automotive failures of the past 10 years, by far the 
greater majority are chargeable to the boiler used, and 
in every such case it will be found that the failure was 
due to departure from the laws mentioned. 


POSSIBLE BOILER TYPES 


There are three general types of boiler possibly adapt- 
able to automotive work; fire-tube, water-tube and flash. 
[ will not discuss the comparative merits of these.. Cap- 
able and conscientious engineers are working in these 
several divisions. May they all be successful. Competi- 
tion iS the life of trade and we need it to put steam 
where it ought to be in the automotive industry. Never- 
theless, as one gets around the Country and talks with 
engineers interested and versed in the subject, one is led 
by the large preponderance of opinion to conclude that 
any wide application of steam power must come through 
the use of the water-tube type of boiler. 

For the better understanding of the problems confront- 
ing the steam automotive engineer, it is necessary to ap- 
preciate the limitations governing the design of the 
boiler. It must be efficient, quick-steaming, have an abun- 
dance of reserve power, be safe and of ample capacity to 
supply enough steam to do the work required. Its prod- 
uct, steam, must be uniform in pressure and tempera- 
ture. It must be independent of the use of distilled 
water and be long-lived. It must be all these things 
within a space and weight almost unbelievable when one 
thinks in terms of stationary, marine and locomotive 
boilers. Not the least of the foregoing is the matter 
of water supply and incrustation from scale, mud or car- 
bon, the last-named being a possible consequence of con- 
densing the exhaust steam containing the cylinder oil 
from the engine and the delivery of a portion of this oil 
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into the boiler with the feed water. With reference to 
mud, the comment by the executive of a prominent trac- 
tor company is significant. He writes: 


I have seen a service-man take 21 wheelbarrow loads 
of sediment out of an old-type steam traction-engine 
after 30 days of use. Now suppose your boiler was 
run 100 days on that same kind of water. 

(Signed) President 
Another remarks: 

One point worth considering, I think, with special 
reference to this section of the Country, is that much 
of the water found in many localities is not of the best, 
to say the least, for steam purposes. 

(Signed) Manager Tractor Department 

Quick steaming and reserve power are diametrically 
opposed. The engineer must make the best compromise 
possible. Safety and restrictions as to weight and space 
spell the elimination of all drums. For capacity, an as- 
tonishing amount of heating surface must be packed 
under the hood and into a very few cubic feet of space. 
An unstable pressure would mean unsteady power or Fic. 
work done. An ungovernable temperature would destroy 
the cylinder lubrication. A stationary marine or locomo- in the state of the art and the history of its develop- 
tive engineer has no such problems to solve as has he who . ment. Viewing the requirements of a successful automo- 
would design a boiler for automotive work and, while the tive boiler, the water-tube type was selected as the best 
latter’s work must be governed by basic laws and prin- means to the end sought. He approached this subject 
ciples, there is little in the former’s experience to show from the standpoint of the scientific investigator, having 
him the way. ample funds at his command and being supported by a 
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5—THE ORIGINAL WINSLOW AUTOMOTIVE BOILER 


HISTORY OF DEVELOPMENT thoroughly competent engineering staff. First came a 

c WwW. H. Winslow: of Chi ee as series of laboratory tests and experiments. Mr. Wins!ow 

In 1911 . He inslow, 0 licago, set 1imse i t © early perceived the necessity of devising a method of 
task of developing a commercial automotive boiler. 


. _ , joining or assembling the water-tubes or pipes in such 
After ownership of several steam cars, he was no novice a manner as to obviate the use of all screwed, rolled or 
expanded joints and fittings in the zone of the hot gases 
of combustion. How else could the required heating sur- 
face be nested in the space available? The mechanical 
means for accomplishing this had just come to hand, auto- 
genous welding. The outcome was the unitary system 
made up of tubes welded into headers and presenting the 
largest amount of heating surface that could be com- 
bined into drumless form. 

Coincident with this development, in order to guaran- 
tee safety and further economies in weight and space, 
Mr. Winslow conceived the idea of generating steam in a 
drumless form of boiler made up of unitary sections, 
each section a complete boiler in itself in which the 
thermal action of generating dry saturated steam, involv 
ing evaporation, circulation and separation, can be car- 
ried on regularly and continuously. One of the labora- 
tory experiments used in developing this idea is illus- 
trated in Fig. 2. Heat applied as shown sets up a rapid 
ebullition and circulation. Separation was observed in 
the upper cross-tubes. Fig. 3 records the thermal action 
that took place. The ebullition in @ causes a higher 
water-level in b than in ¢ and therefore a return flow 
through d, causing a rapid circulation through the cir- 
cuit. In drafted form, this system is illustrated by 
Fig. 4. 

The first experimental boiler was a small one of some 
five or six sections on which a number of block-tests were 
made to prove the principle of operation. The tests with 
the six sections were so satisfactory that a complete 
boiler was built and installed in a Stanley limousine, dis- 
placing its so-called 23-in. fire-tube boiler. This car ran 
| continuously 21% to 3 years, averaging 1200 to 1500 miles 
| per month. Mr. Winslow personally ran the boiler dry 
27 times with the fire full-on. When the boiler was red- 
Fic. 4—SkETCH SHOWING THE APPLICATION of THIS PRINCIPLE to Ot, he at once used the hand-pump to charge the boiler 

a BorLer with water while the fire was still burning. Some of the 
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Fic. 6—THE CAR IN WHICH THE FIRST WINSLOW BOILER WAS 
INSTALLED 


tubes warped a trifle but otherwise there was no damage. 
From the chauffeur’s record, the car was driven 46,000 
miles. The boiler was then removed and sawed into sec- 
tions for examination, from which it appeared that it 
should have been good for 100,000 miles additional. 

The boiler and the car referred to are shown in Figs. 
5 and 6. Meanwhile, other boilers of various sizes and 
types were built and tested in the laboratory and on the 
road, until in 1913 Mr. Winslow and his associated engi- 
neers turned their attention to the possibilities of this 
type of boiler for stationary and marine work. A 75-hp. 
stationary boiler was built as shown in Fig. 7, followed 
by a 500-hp. boiler of the same general type. These 
boilers were used for experimental and commercial pur- 
poses, yielding a vast amount of very valuable engineer- 
ing data applicable in part to the automotive type and 
demonstrating the practicability and economy of high- 
pressure steam-boilers for central-station work and on 
shipboard. 

In 1919 a 5-ton truck, illustrated in Fig. 8, was con- 
structed. This truck was put into commercial operation 
and gave an exceedingly satisfactory account of itself 
except for some engine trouble. Also in 1919 the auto- 
motive boiler illustrated in Fig. 9 was built. This boiler 
has been subjected to a series of exhaustive laboratory 


TABLE 1—RECORD OF TESTS OF WINSLOW BOILER, COMMER- 
CIAL LABORATORY AUTOMOTIVE TYPE, KEROSENE FUEL, 
BLAST BURNER 
10 22 24 
Nov. 19, Nov. 25, Nov. 25, 
1919 1919 1919 


Test No. 
Date of Test, 


Duration of Test, min. 60 60 40 
Pressure, lb. per sq. in. 599.2 587.0 578.0 
Saturated Temperature, deg. 

fahr. 489.0 487.0 485.0 
Superheated Temperature, 

deg. fahr. 530.0 566.0 543.0 
Feed - Water Temperature, 

deg. fahr. 59.0 57.0 57.5 
Actual Evaporation, Ib. per hr. 946.5 876.0 558.0 
Equivalent Evaporation, lb. 

per hr. 1,212.0 1,130.0 708.0 
Fuel Burned, lb. per hr. 66.75 62.25 41.25 
Actual Evaporation, lb. of 

water per lb. of fuel 14.10 14.10 13.50 
Factor of Evaporation 1.26 1.29 1.27 


Equivalent Evaporation, Ib. 


of water per Ib. of fuel 17.7 18.1 17.1 
Boiler Efficiency, per cent 86.0 88.0 83.0 
Boiler Horsepower 35.0 32.0 20.5 


tests. Tests Nos. 10, 22 and 24, being averages of the 
series, are quoted in condensed form in Table 1. The 
boiler, economizer, superheater, burner and case occupy a 
space 24 in. wide, 37 in. high and 31 in. long. The total 
weight is 961 lb. and 100 lb. is deducted as being the 
weight of the burner. The heating surface of the hori- 
zontal water-tubes only is 89.6 sq. ft., and the water 
capacity is 13 gal. 

These tests were especially important as establishing 
the capacity, evaporation and efficiency of the boiler when 
used in combination with a blast type of burner. While 
there has been some variation in detail during this 10- 
year period of development, the fundamental ideas ad- 
vanced by Mr. Winslow in the early days have proved 
to be sound in every respect. The unitary welded section 
is substantial and yet possesses sufficient flexibility to 
take care of any strains due to unequal expansion. The 
sections combine advantageously into any capacity and 
dimensions. Thermal action proceeds uniformly in every 
section and in perfect balance as between the sections. 
All sections deliver steam to a common equalizing header 
and receive water from an equalizing feed-pipe or mud- 
drum. The desired water-level is maintained readily and 
the product of each section is dry saturated steam at a 
uniform pressure and temperature. Superheating can be 
accomplished in the section itself by providing additional 
tubes above the separating zone but, on account of the 
limited height available for automotive work, is prefer- 
ably added outside of the unitary section in the form of 
coils looped between the sections. An examination of 
Fig. 10 will help to fix in one’s mind the thermal action 
described. 
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Fic. 7—Cross-SECTION OF A 75-Hp. STATIONARY BOILER EMBODYING 
THE SAME PRINCIPLES OF CONSTRUCTION 
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The larger or cold-end header is located well outside 
of the furnace, while the smaller or hot-end header is 
well inside the path of the ascending gases of combus- 
tion. Therefore, when heat is applied to the boiler, its 
first action is to expand the water contained in that part 
of the section in front of the cold-end header. Expan- 
sion and ebulliticn cause the water to flow rapidly toward 
and upward in the hot-end header. The difference in 
water-levels thus created causes a gravitational return- 
flow to the cold-end header. The hotter the fire is, the 
more return-tubes are brought into action; therefore, 
circulation proceeds in perfect accord under all working 
conditions. The water in the tubes and headers and the 
hot furnace gases that surround them move at high veloc- 
ities, thus increasing the heat transference greatly. The 
formation of steam bubbles further tends to raise the 
water-level in the front-end header, increasing the gravi- 
tational difference between the two headers, tending to 
increase the circulation further. Mixed steam and water 
return to the cold-end header by gravitation through the 
tubes in the zone of separation. A large water-surface 
is thereby developed from which the process of separa- 
tion is accomplished in an ideal manner without the use 
of drums. The result is dry saturated steam, produced 
in a combination of tubes and headers of relatively small 
diameter devoid of all bolted, threaded, riveted, expanded 
or beaded joints in the fire area. The regular and con- 
venient control of the feed-water pumps is possible be- 
cause of the presence of a constant water-level. This sta- 
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Fic. 8—A 5-Ton TrRucK BUILT IN 1919 THaT USED THE WINSLOW 
BOILER 


bility contributes substantially to the maintenance of 
constant pressures and temperatures. 

The circulation within the horizontal tubes and hot- 
end header is so rapid as to prevent the deposit of scale. 
Further reference to Fig. 10 shows that a continuation of 
the downward path of the water in circulation in the cold- 
end header leads directly into the mud-drum. Particles 
that are heavier than water tend to settle out directly 
into this drum, whence they can be blown out at stated 
or convenient intervals. The use of soft water free from 
mud is desirable; nevertheless, due to the excellent pro- 
visions for the elimination of water impurities, the prac- 
tical use of the Winslow boiler is not limited anywhere 
because of the water available. There is a gain also from 
the oil pumped into the boiler with the feed water. All 
automotive steam-plants are now condensing. The cyl- 
inder oil passes through the condenser with the exhaust 
steam into the hot-well or water-tank. Most of this oil 
floats to the top and is flushed off with each filling of the 
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Fic. 9—THE PRESENT FORM OF WINSLOW AUTOMOTIVE BOILER 


tank. What mixes with the feed-water and goes into 
the boiler serves the admirable purpose of preventing 
corrosion and the adhesion of scale to the tubes and, with 
the impurities in the water, forms a sludge that separ- 
ates out into the mud-drum as described. This is not to 
say that, with the use of bad water, cleaning in the 
course of time may not be desirable. When required, a 
section can be dismounted readily and laid on a con- 
venient block to tap the tubes and headers lightly with 
a copper hammer or wooden mallet. This action loosens 
any deposits, which can then be washed or shaken out, 
or a scale-dissolving compound pumped into the boiler 
and allowed to stand for a day or two, when the boiler 
can be washed clear. 
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Fic. 10—Cross-SECTION OF THE WINSLOW BOILER as Now 
CONSTRUCTED 
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TABLE 2—SUMMARY OF ARMOUR INSTITUTE OF TECH- 
NOLOGY TESTS 


Water Used, Total, lb. 695.20 
Water Used, Total, gal. 83.50 
Water Used, per Hr., lb. 347.60 
Water Used, per Hr., gal. 41.75 
Kind of Fuel Used Gasoline 
Fuel Used, Total, lb. 56.30 
Fuel Used, Total, gal. 9.10 
Fuel Used, per Hr., lb. 28.15 
Fuel Used, per Hr., gal. 4.55 
Duration of Test, hr. 2.00 
Equivalent Evaporation, lb. of water per lb. of 

fuel 12.36 
Average Steam-Pressure, lb. per sq. in. 517.00 
Temperature of Steam, deg. fahr. 652.50 
Temperature of Flue Gas, deg. fahr. 621.00 
Temperature of Feed-Water, deg. fahr. 60.50 
Barometric Pressure in inches of Mercury 29.22 
Temperature of Room, deg. fahr. 46.30 
Specific Gravity of Fuel, deg. Baumé 56.25 


MAJGR ADVANTAGES 


Given an otherwise perfect steam-generator for auto- 
motive use, failure would nevertheless be the final ver- 
dict unless the boiler were substantially self-cleaning. 
Experience with Winslow boilers built and used during 
the last 10 years proves conclusively that they are self- 
cleaning; that the oil contained in the feed-water and 
the rapidity of circulation prevent scaling in the tubes; 
and that the impurities in the water or sludge separate 
out and down into the mud-drum. Any section can be 
isolated in the field by uncoupling two unions, inserting 
blank flanges and recoupling; or a section can be with- 
drawn completely and sent to the nearest garage for re- 
pair by welding, blanks in the meantime being inserted 
in the unions. The work in hand can then be completed 
without material delay, although with a reduction in 
overload capacity; or, very properly, a spare section can 
be carried in stock so that replacement can be made 
immediately. Each boiler-section is made of the highest 
grade of seamless drawn-steel tubing welded into headers 
of the same material. Joints so made are stronger than 
the walls of the tubes themselves. There are no riveted 
laps or other joints whatever and no screw fittings sub- 
ject to high temperature. Sections are tested to 4000 lb. 
per sq. in. Working pressures up to 1500 Ib. per sq. in. 
are feasible. Even if a tube should rupture under pres- 
sure, the action would be equivalent to the popping of a 
safety-valve and involve no greater hazard. An explosion 
is out of the range of possibilities. The boiler can be 
run dry, heated to a bright red and cold water pumped 
in while in that heated condition, without damage. The 
boilers are not only safe but indestructible. 

For 90 days, recently, I have been driving a test car 
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Fic. 11—A Car EQUIPPED WITH THE LATEST DgsIGN OF WINSLOW 
BoILeER 


such as is shown in Fig. 11. It has a Stanley chassis 
fitted with the latest model of Winslow boiler. The total 
distance traveled to date is something over 2200 miles, 
mostly ’cross-country, using water picked up from any 
convenient source. The performance of the boiler has 
been 100 per cent throughout. With sudden opening of 
the throttle, there is no priming or carrying over of 
slugs of water into the steam pipe. There have been no 
deposits of scale, mud or carbon, at least so far as might 
be indicated by some evaporation tests just completed at 
the Armour Institute of Technology. There is reserve 
capacity in abundance. Steam can be raised from all-cold 
in 7 min. and from a normal condition, that is, pilot-light 
left burning overnight, in 3 min. The boiler has been run 
dry purposely with the burner full-on on eight separate 
occasions, the lower tubes each time being heated to a 
bright red. Under this condition water was pumped into 
the boiler, resulting in a flash generation of steam, but 
absolutely without damage to the boiler. Table 2 is a 
summary of tests made Nov. 26, 1921, at the Armour 
Institute of Technology. In these tests the gasoline pilot- 
light was always burning; it consumed 0.37 lb. of gaso- 
line per hr., which is not figured into any of the calcu- 
lated values. Attention is called by G. F. Gebhardt to 
the fact that the fluctuations in steam pressure, tempera- 
ture and quality and water-level may cause a considerable 
error in the results, and that the average observed and 
calculated values should be accepted only with this in 
mind. 

The general dimensions of this boiler, including the 
burner, which is of the Stanley-Bunsen type, are 22 in. 
wide, 34 in. high and 34 in. long. The heating surface, 
including horizontal water-tubes only, is 9315 sq. ft. 
The temperature of saturated steam at the average 
boiler-pressure is 473 deg. fahr.; therefore, the degree 
of superheat was 179 deg. 

Previous tests had indicated that the burner was set 
a trifle too close to the boiler tubes to afford as good 
combustion with kerosene as with gasoline. The latter 
fuel, therefore, was used in this test. For road work 
kerosene is used exclusively. Fluctuations in pressure 
and temperature were due to the “off” and “on” of the 
water-pump, controlled automatically by the water-level 
in the boiler. The temperature of the feed water, 6015 
deg. fahr., should be noted. Readings were taken regu- 
larly at 5-min. intervals. The averages quoted are, there- 
fore, believed to be true averages. Equivalent evapo- 


TABLE 5—FLUE-GAS ANALYSES 


Test No. 1 2 3 

CO., per cent 11.0 11.3 12.0 
O., per cent 4.7 4.2 3.6 
CO, per cent 0.0 0.3 0.4 


ration corrected to include fuel burned in the pilot-light 
is 16.32 lb. Figuring the heat value of the gasoline at 
20,500 B.t.u., the boiler efficiency is 78.5 per cent. Note 
that the temperatures of the flue gases, 621 deg. fahr., 
are.given. If this boiler were fitted with an economizer, 
which might be expected to cut down this temperature to 
about 450 deg. fahr., the overall efficiency might be raised 
to approximately 82.5 per cent, as high a percentage as 
could be conceded in view of the best performance of 
stationary water-tube boilers. 

Flue-gas analyses of a previous test run under the same 
conditions, except with a water-level 2 in. lower, are given 
in Table 3. The type of burner used accounts for the 
lower capacity as compared with that shown by the tests 
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quoted in the earlier parts of this paper. Otherwise the 
results are in line and each checks with the other. 

Burners of both the vaporizing and the atomizing type 
are available. Pumps and other accessories such as fans 
are standardized as to form, dimensions and manner of 
use. Reliable and economical types of steam engine have 
proved themselves through years of service. Therefore, 
the work of the steam automotive engineer may hence- 
forth be said to be that of combining and adapting 
demonstrated units into the required powerplant. Thus 
may automotive steam-power become the vogue, at least 
for heavy-duty work. 


THE DISCUSSION 


CHAIRMAN W. G. CLARK:—Regarding the thermal 
action of the boiler, which way are the sections placed in 
an automotive vehicle, fore-and-aft or across? 

CHARLES B. PAGE:—They may be of the fore-and-aft or 
crosswise type. In the locomotive illustrated the tubes are 
placed crosswise of the vehicle, there being two sets, right 
and left-hand. As a one-piece boiler, the gases of com- 
bustion pass straight up through the tubes and out of 
the stack. The smaller or hot-end headers are inside of 
the cold-end headers. The former practically insulate 
the cold-end headers, thereby tending to maintain cir- 
culation under all conditions and without regard to the 
slope of the tubes due to hill-climbing. 

CHAIRMAN CLARK:—The question was prompted by 
the fact that the circulation of the water in the boiler, as 
I understand it, is due to the temperature difference be- 
tween the hot and the cold-end headers. If you were 
going downhill, the slope of the tubes would be neutral- 
ized. 

Mr. PAGE:—Although circulation is facilitated by a 
moderate inclination given to the tubes, it is funda- 
mentally due to the difference in the head and the density 
of the water in the two headers. Due to this difference, 
which is increased considerably with increased evapor- 
ation, circulation will be maintained from the cold-end 
header through the tubes to the hot-end header even 
though the tubes are brought into a position almost re- 
versed from normal in hill-climbing. 

CHAIRMAN CLARK:—How do you prevent priming 
when the throttle is opened suddenly? 

Mr. PAGE:—Due to the construction, we do not seem to 
have priming. Many a time, driving down Michigan 
Avenue, in Chicago, I have found myself held up at a 
street crossing, in front of two or three gasoline-driven 
cars. Under such circumstances one cannot resist the 
temptation to show what steam can do in the way of 
quick acceleration. With a long cut-off and a well-opened 
throttle, I have been almost halfway down the block 
before the gasoline-driven cars get across the cross 
street; all this without boiler priming. Dry steam under 
all service conditions is a fundamental characteristic of 
this boiler. 

CHAIRMAN CLARK:—Are the upper tubes of greater 
cubic capacity than the lower? 

Mr. PAGE:—No, the upper tubes tend to smaller diam- 
eters than the lower tubes, but they are still of equivalent 
cross-section; that is, they give sufficient free surface of 
water for the separation of the steam. 

EK. R. GREER:—Let me suggest an imaginary case of a 
farm tractor equipped with such a boiler. Take a case 
where the tractor is to operate 30 min. on a hill sloping 
in one direction. Whether the boiler is set fore-and-aft 
or crosswise, the tubes are exactly in the opposite posi- 
tion to the slant desired and there is a continuous hard 
pulling condition. Even if going downhill, the pull of 


the plow means that most of the power will still be re- 
quired of the machine. Further, in winter operation, if 
the tractor is out in the field, perhaps a mile or more 
from water, and it must be left standing over Sunday, 
what can be done? Must one drain the water out and 
carry it back there on Monday? Water cannot be left 
in it in winter. 

Mr. PAGE:—If there is a restriction as to width mak- 
ing it necessary to place the sections fore-and-aft, the 
tubes would be inclined sufficiently that on the steepest 
hills practicable for tractor plowing there would be no 
interference with the circulation. Under the conditions 
stated by Mr. Greer, the water would have to be drawn 
out of the water-tank, to say the least, and probably out 
of the boiler, although it would be impossible to rupture 
either the tubes or the headers if the water should freeze 
in the boiler. 

A. R. SANDT:—In the car that you operate, what is the 
capacity of the water-tank and how long does the water 
last? 

Mr. PAGE:—The water-tank capacity is 25 gal. Stanley 
salesmen and agents claim an average of 100 miles to a 
tank of water. They do better at times and much worse 
on occasions. We have had to refill the water-tank after 
25 miles and we have gone as high as 12 miles to the gal. 
or at the rate of 300 miles per tank of 25 gal. The 
amount of water used depends upon the temperature of 
the air, the speed of the car and the character of the road. 
For instance, if the car is on a concrete road and travel- 
ing at from 30 to 35 m.p.h., the condensation is complete. 
If the car is pulling through deep sand, the loss of water 
is very considerable. The Stanley car is not fitted with a 
fan. If a fan were installed behind the condenser, the 
water loss would be very much less because the fan would 
tend to compensate for the reduced speed where the go- 
ing was difficult. With an improved design we should 
get the water-consumption down to an amount not in 
excess of the fuel burned. 

W. H. PETERSON :—I presume it would be impossible 
to condense all of the steam with an air-cooled condenser 
so as to make the steam plant fully-condensing. 

Mr. PAGE:—lIt could be done, but it would mean a large 
condenser and would hardly be worthwhile unless the car 
were going into a locality where water is very expensive. 
In the road locomotive we figure the condenser capacity at 
normal temperature as somewhat in excess of the normal 
rating of the boiler. There would be some loss in steam 
when working at an overload, but that loss would depend 
entirely on the temperature and the amount of the over- 
load. 

Mr. PETERSON :—Are you not troubled with oil? 

Mr. PAGE:—No. We want some oil in the boiler be- 
cause it smears the interior of the tubes with a thin coat- 
ing and, in addition, forms a sludge with the impurities 
in the feed water that otherwise would form into scale. 
The sludge settles into the mud-drum whence it is blown 
off at regular intervals. The boiler that Mr. Winslow 
operated for 46,000 miles and which he estimated could 
have been run for 100,000 miles in addition, was not 
equipped with a condenser and, therefore, he did not have 
the benefit of such oil as we now pump back into the 
boiler. 

Mr. PETERSON :—Did he not contemplate running with 
a condenser at one time to get the benefit of a vacuum? 

Mr. PAGE:—In the early days I think that was not 
considered, but today no one would think of building a 
steam-powered vehicle without putting on a condenser. 

Mr. PETERSON :—You have said very little about the 
engine. 
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Mr. PAGE:—There are a number of very well-developed 
engines and it is simply a matter for the engineer to pick 
out the type that he thinks will best suit the job. Beyond 
a doubt, the best practice in England and in this Country 
is in favor of the compound type of engine. The uniflow 
type has been highly developed for full-condensing in- 
stallations; but it has hardly been commercialized, at 
least in this Country, for automotive applications. 

A. H. Loomis:—The company that I represent has been 
building track-laying-type log-pullers for a number of 
years. There seems to be a demand for a machine like 
the one we have been building that would not require so 
much water. This is why I look on this boiler with 
favor; the strong point is the saving of water. 

A. W. SCARRATT:—Concerning the application of the 
steam boiler to tractors, Mr. Page stated with reference 
to the car he is driving that the water loss is excessive 
when heavy going is encountered. I presume one would 
not expect more than 100 miles to 25 gal. of water under 
good average conditions, but the conditions encountered 
with automobiles are mild when compared with those met 
by tractors in the field. Vast areas in this and other coun- 
tries require plowing in very hot and dry seasons and 
many sections are usually in need of water at that time. 
Water is at a premium in some localities. Making, we will 
say, 100 miles in an automobile would be the equivalent 
of about a 3-hr. usage of a tractor employing a boiler 
and engine of the same capacity. At that rate, a 10-hr. 
day would require the refilling of the tank approximately 
three times, or about 3 bbl. of water per day, a physical 
impossibility in some of those districts. 

Mr. Loomis:—I should explain that we have never 
been interested in the agricultural field. Our interest is 
in the log-hauling field where the going is up and down 
grades and there are off-and-on conditions similar to 
those of an automobile. 

Mr. PAGE:—Regardless of the application of steam 
power, be it to automobile, truck or tractor, the problem 
resolves itself into determining the proper size of the 
condenser and fan and means for driving the fan to get 
the desired results. To meet the working conditions de- 
scribed by Mr. Scarratt, I see no reason why it would 
not be perfectly feasible to install a condenser and a fan 
of such capacity as to keep down the water loss to the 
equivalent of the amount of fuel burned; that is, if the 
tractor were burning 1 bbl. of fuel oil per day, the water 
loss would not exceed 1 bbl. per day. 

A. R. SANDT:—What would be the size of the con- 
denser compared with that of the boiler in a tractor lay- 
out of that kind? 

Mr. PAGE:—That would depend upon the size of the 
tractor. We have made some layouts that meet Mr. 
Searratt’s specifications. The proportions as to dimen- 
sions and weight are attractive and practical. 

Mr. SANDT:—What is the comparative cost of produc- 
tion of steam-driven and gasoline-driven tractors? 

Mr. PAGE:—The production cost would be high at first. 
One correspondent said that he believed that when vol- 
ume came up to a reasonable figure production costs 
would be less than for the gasoline-powered vehicle. Some 
companies are now endeavoring to bring out a $1,000 
steam car. I do not know that they will succeed in pro- 
ducing a marketable car to sell at that price. We have 
made some studies of production costs of boilers for cars 
of that size and type and believe that by proper manu- 
facturing methods the cost can be cut to a competitive 
figure. 

Mr. PETERSON :—It has seemed to me for a long time 
that there are great possibilities in developing steam 


plants for tractors and automobiles. The question of 
condensation depends largely upon the point to which 
the steam is expanded in the engine; if it is exhausted 
at a very high pressure, the temperature is high and the 
condenser would have to be of disproportionate size. | 
feel that the engine has not yet been developed which 
will work to the best advantage on tractors and auto 
mobiles. On some steam turbines now in operation, the 
steam is expanded down to a temperature of about 80 
deg. fahr. In the Minneapolis flour-mills one can hold 
one’s hand on,a low-pressure turbine and it will seem to 
be cold. There is a great opportunity to develop some- 
thing of this kind that will be of great value in the auto- 
motive industry. 

On the subject of economy, I feel that Mr. Page is very 
conservative. In Europe, where fuel has been high for 
many years, they had developed long before the war steam 
engines that showed greater economy than this plant 
of which he speaks. There are powerplants of the 
Locomobile type that will develop 1 b.hp-hr. from 1 to 
114, lb. of comparatively low-grade coal; that is, coal 
having a thermal value of perhaps 12,000 or 13,000 B.t.u. 
Mr. Page has mentioned fuel that runs from 19,000 to 
20,000 B.t.u. 

Mr. GREER:—Do you have a pump in the feed-wate1 
system? 

Mr. PAGE:—Yes. 

MR. GREER :—It seems to me that all such extras intro- 
duce many complexities. 

Mr. PAGE:—The feed-water pump is an extremely sim- 
ple mechanism. There is a plunger working in a cylinder 
and a stuffing-box to keep the water from leaking out; 
and there are two check-valves, one suction and one dis- 
charge. If the pump fails to work, it is easy to locate 
the trouble. The rest of the steam plant is simple. There 
are, I believe, more Stanley steamers in the Chicago dis- 
trict than in any other section of the Country. I have 
found, to my surprise, that the number of physicians 
there owning steam cars is greatly out of proportion to 
the other professions represented. The average physician 
is a poor mechanic. The fact that so many physicians 
own Stanley cars is a tribute to the simplicity of the 
steam powerplant. 

E. B. MCCARTNEY :—I understand that the burners ot 
a certain steam-driven car cause much trouble by clog 
ging up. 

Mr. PAGE:—Certain things have to be done to get 
satisfactory service from the steam powerplant. One of 
these is proper and periodical cleaning of the burner and 
pilot light. 

CHAIRMAN CLARK:—Is not the trouble with burners 
due to the kind of fuel used? 

Mr. PAGE:—With the vaporizing type such as the 
Stanley car uses, the fuel burned is kerosene. The blast 
type of burner must be used to burn the heavier grades 
of fuel. This type is in service commercially all over 
the world. Referring again to the practical every-day 
utility of steam-powered vehicles, speaking broadly, I re- 
peat that commercial operation depends upon regular 
inspection and service by the owner. This is not labori- 
ous, technical or expensive; it is just routine. It will 
assure satisfactory performance. 

Mr. SCARRATT:—If the thermal efficiency of the com- 
plete powerplant using a high-grade engine and this 
boiler is 12.6 per cent, is the average steam-consumption 
per brake-horsepower delivered in the neighborhood of 
15 lb. per hr.? 


(Concluded on p. 274) 
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Piston-Rings 


By Joun Macee' 


— author believes the piston-ring problem to be 
an engineering one worthy of serious study and 
that it should be possible to standardize types and 
sizes in a way that will go far toward eliminating pres- 
ent difficulties. 

It is stated that cast iron is the only satisfactory 
metal suitable for use in the internal-combustion en- 
gine and that the foundry offers the greatest oppor- 
tunity for improvement, in the elimination of poor 


castings. The superiority of individually cast rings 
is averred and a formula for their composition is 
given. 


Leakage and oil-pumping are discussed, followed by 
comment upon the width and form most desirable for 
piston-rings; and some of the difficulties of their manu- 
facture are enumerated, together with suggested im- 
provements, inclusive of inspection and _ testing 
methods. 


INCE many piston-rings have failed in the per- 

formance of their function either through faulty 

engineering or careless manufacture, piston-rings 
have developed into a problem. It seems that the prob- 
lem is logically an engineering one, that piston-rings 
should offer a real opportunity for study and that it 
should be possible to standardize types and sizes in a 
way that will go far toward eliminating present diffi- 
culties. With this in mind, any discussion covering 
practices of today should assist in formulating a con- 
sensus of opinion as to the best practice. 

While bronze, Swedish iron and even malleable iron 
and steel have been tried, it will be conceded that, so far, 
cast iron is the only satisfactory metal suitable for piston- 
ring usage in the internal-combustion engine. The dens- 
ity, the resiliency and the small cross-sectional area 
each being an important factor, it is evident at once 
that the foundry offers the greatest opportunity for im- 
provement toward piston-ring perfection. Manifestly, 
with poor castings at the start, very little better than 
poor results can be expected at the finish. There is 
little question as to the superiority of the individually 
cast over the pot-cast piston-ring. Table 1 gives a mix- 
ture formula for individually cast rings. 

Extreme care in the selection of materials, combined 
with frequent physical tests, will be necessary to main- 
tain the standard. A required property of a test-bar 14 
in. square is a Shore hardness of 35 to 40 or a Brinell 
hardness of 200 to 230. 


TABLE 1—FORMULA FOR INDIVIDUALLY CAST PISTON-RINGS 


Substance Per Cent 
Silicon 2.50 to 3.00 
Sulphur, maximum sae. oe 
Phosphorus 0.30 to 0.50 
Manganese 0.45 to 0.70 
Combined Carbon 0.50 to 0.60 
Graphitic Carbon 2.75 to 2.65 


LEAKAGE AND OIL-PUMPING 


Many of the large number of piston-ring designs in- 
clude some special joint. Because the periphery of a 
piston-ring is broken only at the joint, the impression 
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seems to have prevailed that most leaks could be located 

there. Some of the devices for effectually sealing the 

joint are real tributes to inventive genius. As a mat- 

ter of fact, the joint occupies such a relatively small 

percentage of the circumference that its effect on the 

whole is rather insignificant. In other words, it would 

be possible to construct a perfectly sealed ring-joint - 
and yet have about 98 per cent of the remainder of the 

circumference leaking gas and causing loss of compres- 

sion-pressure. 

R. E. Lawrence, professor of mechanical engineering 
at the University of Detroit, recently calculated the 
leakage using a formula for the flow of gas through an 
orifice. The dimensions taken were those of the Ford- 
engine cylinder, with 0.002-in. clearance between the 
piston and the cylinder wall. Both tangs of a step-cut 
piston-ring were removed, and 3/16 in. on the circum- 
ference of the ring was open. If the piston were then 
held still during a period equal to the duration of a 
stroke at a 15-m.p.h. road speed, a pressure of 450 lb. 
per sq. in. would allow 0.0006 cu. ft. of gas to pass 
through the opening. This represents, by this calcula- 
tion, the maximum leakage through a joint under the 
most “favorable” conditions. Such conditions never 
actually exist in the cylinder. The explosion rarely gen- 
erates a pressure of 450 lb. per sq. in. and in any event 
the pressure always drops very quickly during the power 
stroke. Then, if there be three rings instead of one, 
with a film of lubricating oil helping to impede the prog- 
ress of the escaping pressure, it will be seen readily that 
the actual amount of gas which could pass through the 
joint of a piston-ring under ordinary conditions would 
be expressed in a fraction much smaller than 0.0006 
cu. ft. 

In regard to so-called oil-pumping, it seems advisable 
to keep the ring periphery as nearly continuous as pos- 
sible. The step-cut provides a joint that accomplishes 
this well and makes it the most desirable for all purposes. 


WIDTH AND FORM 


The proper width of piston-rings is another subject 
productive of much discussion. The reduction in weight 
of all reciprocating parts is certainly to be desired. When 
it is taken into consideration that any added weight on 
a piston-ring must be multiplied by a factor of 6 to 
determine its equivalent inertia effect for each cylinder, 
the advisability of narrow widths is evident immediately. 
Theoretically a knife-edge in contact with the cylinder 
wall will produce the proper result. It remains only to 
establish the added width necessary to allow for prac- 
tical production, always considering that the minimum 
width is desired. Present methods of manufacture in- 
dicate that 4% in. is the proper width, all things con- 
sidered. The thickness of the ring or the depth of the 
groove is subject to the same consideration in all ways. 

The merits of both eccentric and concentric forms 
have been discussed from time to time. No doubt, the 
eccentric ring is more correct for theoretical uniform 
wall-pressure. However, if the pattern for the casting is 
designed for the ring at its full opening, and the natural 
surface density of the inside of the ring is left un- 
disturbed in machining, a proper foundry-mixture will 
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produce a concentric ring with a wall pressure that is 
so nearly uniform in actual operation that its many other 
advantages make it preferable. It should be re- 
membered also that the theoretical eccentric ring tapers 
down from its heaviest section, opposite the joint, to a 
knife-edge at the joint. Any design for an eccentric 
ring must modify this form to a certain extent, to avoid 
the thin wall at the joint. 


MANUFACTURING DIFFICULTIES 


It is not my intention to enlarge upon the proper 
methods of manufacture of piston-rings. It must be 
admitted, however, that more failures in piston-rings are 
due to faulty manufacturing than to faulty engineer- 
ing principles. After all, from an engineering stand- 
point, the function of a piston-ring is a simple one. Un- 
fortunately, the manufacturing problem is not so simple 
as is supposed sometimes. Some study of the manufac- 
ture of piston-rings will facilitate developing specifica- 
tions that are likely to be met. 

All piston-ring manufacturers prefer to make rings 
with the finished surfaces ground to size. It is easier 
to hold accurate dimensions on a grinding machine than 
it is on a lathe. However, hard castings and hard spots 
in castings are machined without difficulty or detection 
by grinding. For this reason piston-rings with a turned 
finish on the diameter dimension should be specified. 
Neither the scleroscope nor the Brinell-hardness test will 
disclose hard spots in castings. A ground finish may 
cover up many hard spots or a hard scale. The produc- 
tion of a turned surface is a somewhat slower process 
for the manufacturer, but it guarantees a uniform soft 
wearing surface. 

Flatness is very essential, since a serpentine condi- 
tion will allow leakage around the back of the ring 
through the ring groove. If all of the internal stresses 
are not removed during the process of machining, the 
ring is as apt to warp sidewise as it is to become ellip- 
tical. Therefore, width dimensions should be inspected 


September, 1922 No. 3 
THE JOURNAL OF THE SOCIETY OF 








AUTOMOTIVE ENGINEERS 


with a light gage instead of with a micrometer. With 
a ring lying on a perfectly flat surface, a side-warp will 
cause it to register oversize. With measurements at 
intervals, the two points of a micrometer might indicate 
a parallel width on a ring considerably warped. 

The most common “defect” in the manufacture of 
piston-rings is the elliptical ring, generally termed out- 
of-round. The specified out-of-round tolerance may vary 
according to the amount that the ring is likely to be 
worn-in on the block. At best it is desirable to keep 
the variation within very low limits, say 0.00025 to 
0.00050 in. If the tolerance is expressed in light-gage 
terms, it is much more simple for inspection, because the 
light-gage is at present the most practical inspection 
device for locating out-of-round rings. 

No accurate data are available for determining the 
poundage or wall pressure of piston-rings to accomplish 
definite purposes. Actual experiments, conducted at dif- 
ferent times for different purposes, seem to indicate that 
a poundage in excess of 4 lb. per sq. in. of bearing sur- 
face is needed to prevent collapse under pressure. There- 
fore, a poundage of 5 lb. per sq. in. has commonly been 
specified for all purposes. 

There seems to be a diversity of opinion as to the 
proper gap-opening or expansion allowance. This prob- 
ably is due to the difference in the estimated tempera- 
tures to which a piston-ring is subjected. Using 
0.0000056 per in. per deg. as the coefficient of cast-iron 
expansion, a minimum opening-allowance for maximum 
expansion is obtained by multiplying this coefficient by 
the circumference of the ring. 

The foregoing comments are made with a view to the 
standardization of the best engineering and manufac- 
turing practice, rather than to attempt to dictate the ulti- 
mate design for piston-rings. The ever-increasing num- 
ber of sizes and designs, some of which are freakish, i 
certainly an indication of the dire need for such a 
standard. 

[The discussion of this paper is printed 01 


WINSLOW AUTOMOTIVE BOILER 


(Concluded from p. 27 


Mr. PAGE:—It is calculated at 13.2 lb. per hr. at the 
actual boiler-pressure and temperature of the steam, in- 
cluding the auxiliaries. 

Mr. SCARRATT :—That steam is exhausted from the en- 
gine at a very high temperature. From a tractor stand- 
point it seems that a large condenser would be necessary 
to handle the volume of steam and convert it back into 
feed-water at something like 120 deg. fahr., and that a 
considerable portion of the available energy of the power- 
plant would be used for driving the fans that produce 
the air-blasts for condensing purposes. At present about 
5 to 7 per cent of the total energy developed is put into 
fan energy simply to reduce the water-temperature on an 
average approximately 12 to 15 deg. fahr. That is the 
difference in the temperature of the water between the 
time it leaves the cylinder-head of the engine and enters 
the water-jacket, and represents in heat units approxi- 
mately 32 per cent of the total thermal value of the fuel. 

Mr. PAGE:—The type of fan used on a gasoline engine 
is not efficient for handling large volumes of air at a low 
pressure. That is one item of difference. Of course, the 
amount of horsepower used to drive a fan on a steam 
powerplant is greater than on a gasoline powerplant of 
the same horsepower but, whatever the horsepower re- 





quirements may be, they are figured against the gross 
horsepower developed. 

J. L. Mowry:—I believe we will come back to steam 
application on the tractor. However, I am not entirely 
convinced that our present steam engines will fill the 
bill. I have thought for a long time that the so-called 
automobile type of high-pressure boiler would do the 
work. With reference to the points that have been made 
in regard to the angle of the tubes in ascending and 
descending grades with a tractor, is there a limit to the 
pitch that can be given them without obstructing the 
steam separation? 

Mr. Mowry:—Can that be done without getting too 
much pitch for a heavy pull uphill? More power is 
needed then than when going down. 

Mr. PAGE:—There one needs the overload capacity. A 
heavy tractor would probably call for all the overload 
capacity of the boiler, as well as that of the engine. 

Mr. Mowry:—But if one does not get steam sepa- 
ration, the boiler will prime. 

Mr. PAGE:—The construction of the section is such 
that separation takes place as the mixture of steam and 
water flows from the front to the rear header, even if the 
tubes are unusually inclined. 
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The Gasoline-Driven Motor-Coach 


for Railroad Service 
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7. FFORTS to operate railroad rolling stock by gaso- 
—4 line engines have met with little success in com- 
parison with the results achieved in other lines. To 
bring out the reasons and to show what the field is for 
this class of equipment is the purpose of the present 
article. The various attempts to adapt gasoline en- 
gines to railroad work are reviewed from the days of 
the Strang and McKeen cars. To demonstrate that 
the real field of the gasoline railcar lies in the middle- 
ground between the rail bus and the steam train, the 
author enumerates the advantages of both kinds of 
service and shows that, to develop a satisfactory car, 
each side of the controversy must make concessions 
to the other. The early difficulties having been largely 
due to the use of too heavy cars, the weight could be 
decreased materially by the application of approved 
features of automotive practice. Other requirements 
should include four-wheel pivoted trucks, front and 
rear, full speed in either direction, air-brakes and 
safety appliances. The motor-coach should combine 
the light weight of the motor truck with the safety, 
steadiness, comfort and convenience of the steam coach. 


INCE the days of the first automobile, various at- 
tempts have been made to design railroad equip- 
ment operated by gasoline engines. It seems 
rather remarkable that so little progress has been made, 


[llustrated with PaoroGRAPHS 





Fic. 1 AN EARLY Motor RaIL-CoAaCH, THE STRANG GAS-ELECTRIC 
Car THAT Was BWILT IN 1905 


fact, practically every power field except the railroad. I 
am of the opinion that there are definite reasons why 
progress has been slow up to the present time. It is the 
purpose of this article to bring out these reasons and to 
show what the present field is for this class of equip- 
ment. The motor-coach will fill a decided need but it 
must not be considered as a cure-all. It has limitations. 

One of the early attempts was that of Strang, which 
occurred about 1905; it is illustrated in Fig. 1. Previous 
to this, various efforts had been made to provide a 








Fic, 2 IND AND SIDE VIEWS OF THE GASOLINE-ENGINE 





GENERATING SET DEVELOPED BY THE GENERAL ELECTRIC 


Co. IN 1910 


when one considers the place that the gasoline engine has 
in the marine, aeronautic, automotive, stationary and, in 


1M.S.A.E.—Manager, railroad division, Service Motor Truck Co., 
Wabash, Ind. 


single-unit car with steam. These cars were unsuccess- 
ful primarily on account of boiler limitations, the light 
fire-engine type of boiler being too expensive to maintain 
and the locomotive type too heavy. They had no particu- 


or — 
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lar advantage over the ordinary type of steam locomotive 
since they did not eliminate roundhouse supervision and 
the like. About 1910 the General Electric Co. became in- 
terested in the problem and spent considerable time and 
effort in developing cars to be propelled by electric mo- 
tors, the current for which was to be supplied by a 
175-hp. gasoline-engine, connected to an electric gener- 
ator as shown in Fig. 2. Notwithstanding that a num- 
ber of these cars, such as the one shown in Fig. 3, were 
built, and some of them, in fact, are still in service. Gen- 
erally speaking, they were not successful because the 
great weight, complication and maintenance expense 
made their operating cost almost as high as that of a 
steam train. Mr. McKeen, of the Union Pacific Railroad, 
seeing the need of something of this kind, developed the 
McKeen car, of which probably more have gone into ser- 
vice than any other up to the present time. Here again, 
the great weight necessitated an engine considerably 
larger than was commercially practicable, so that the 
total cost of operating the car was only slightly less than 
that of a steam train. Another reason why these earl; 
‘ars were not popular was that the builders failed to 
give due consideration to the economics of the situation. 
They attempted to have the same capacity and speed in 
a gasoline car as in a steam train consisting of a loco- 
motive and two cars. Wherever such capacity is re- 
quired, the steam train can ordinarily be operated at a FIG 
profit. The real field for the gasoline car is in service 

where the steam train has more capacity than is required. 5 in. are not commercially successful. The troubles due 
to warpage, lubrication difficulties, the heating of valves 
and piston heads and the like become too great to 
handle. Apparently, the failure of these cars can be 
traced directly to the failure to appreciate the limitations 
of the gasoline engine. 

On the other hand, builders of motor trucks for sev- 
eral years have equipped chassis ranging from °4 to 
5-tons capacity with flanged driving-wheels and with 
other means to adapt them to operation on rails, as 


« 


shown in Fig. 6. These cars, in general, have been suc- 
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POWERPLANT OF THE CAR ILLUSTRATED IN FIG. 4 








Fic, 3—THE GENERAL ELEcTRIC Motor RAIL-COACH 





The heavy gasoline-cars referred to above ran too near 
to the steam train in capacity, speed and operating cost. | 
They did not fit the field. 

About 15 years ago the car shown in Fig. 4 was built 
at the plant of the J. G. Brill Co., Philadelphia, on con- 
tract for the inventor. The engine was mounted in the 
center of the car, being connected by a silent-chain drive 
to a countershaft from which the drive was through pro- 
peller-shafts to two bevel-geared axles, one on either 
truck, as shown in Fig. 5. Other cars have been built 
similarly, including those of Hall-Scott and Sargent. Cars 
that have failed did so because the designers failed to 
see the peculiar field of the gasoline e”gine. 

It is generally conceded that for continuous heavy-duty 
work, engines having cylinders with a bore larger than 








Fic. 6—A Moror-Truck CHASSIS EQUIPPZD WITH FLANGED DRIVING- 
WHEELS FOR OPERATION ON RAILS 


cessful. Due to light weight, low rolling-resistance, the 
small engines required, and to the fact that in some 
installations they can be handled by one man, the oper- 
ating cost has been exceedingly low. These cars, how- 
ever, being unduly limited in capacity and speed, fill only 
a limited demand. There still remains a middle-ground 
between the rail motor-bus or the rail motor-car, as we 
have known them in the past, and the proper field of the 
steam train. It is in this middle-ground that the motor- 
coach can make a place for itself. 

A motor-coach is defined as a passenger-carrying gaso- 
ll ta een ee Beas San Conen ie Waicn a Srenr-_ line-driven railroad motor-car, designed specifically for 

CHAIN DRIVE AND PROPELLER-SHAFT WERE USED operation on rails. It is in no sense a converted motor- 
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GASOLINE-DRIVEN MOTOR-COACH FOR RAIL SERVICE : 


truck, but represents a combination of automotive and 
railroad practice. Previous attempts have been based 
almost entirely on one to the exclusion of the other. To 
illustrate, some of the earlier cars developed by the 
railroad men weighed more than 50 tons and required 
300 hp., although seating capacity was provided for only 
some 50 to 60 passengers. They did not give due con- 
sideration to the automotive side of the design. Instead 
of building a gasoline car, they attempted to use a gaso- 
line engine in a car of steam-train design. 

By careful design and the use of alloy steel, anti-fric- 
tion bearings and other approved features of automotive 
practice, the weight can be reduced materially. The 
weight must be held to a minimum to keep the motor- 
coach requirements within the capacity of proved gaso- 
line-engines. It is also undesirable to forget the railroad 
point of view entirely. Many features of railroad de- 
sign are the result of almost a century of development. 
The designer must weigh his problem carefully, choos- 
ing from railroad practice those features that fit this 
new type of equipment. The converted motor-truck does 
not, according to experienced railroad officials, meet the 
requirements. Due to the use of two-wheel driving- 
trucks and other practices, it does not ride as steadily 











Fic. 8 VIEWS OF THE PASSENGER AND BAGGAGE 


or as safely as the usual railroad car, which has a four- 
wheel truck under either end of the car. 

There is an insistent demand for several features not 
ordinarily included. Some of the more important of 
these are four-wheel pivoted trucks, front and rear, full 
speed in either direction, air-brakes and safety appli- 
ances. The motor-coach should combine the light weight 
of the motor truck with the safety, steadiness, comfort 
and convenience of the steam coach. Fig. 7 illustrates 
a motor-coach, having an overall length of about 44 ft. 
and a seating capacity of 38, in addition to drop-seats for 
eight passengers in the baggage-room, making a total 
seating capacity of 46, as shown in Fig. 8. The baggage 
space is 70 sq. ft. The car is provided with standard 
vestibule-doors for entrance, a saloon, comfortable seats, 
electric lights and other features commonly associated 
with modern railroad design. 

The total weight of this car is only 13 tons. This re- 
duction of weight to less than one-third that of old-tim« 
motor-cars of the same capacity, makes it possible to use 
a 68-hp. engine, as against the 200-hp. engine required 
by other types. At the same time a speed of 48 m.p.h. 














Fig. 7—A 44-F?r. Motor-Coacnu 


HAVING A TOTAL SEATING CAPACITY 
OF 46 PASSENGERS 
has been attained and a speed of 35 m.p.h. can be 


maintained indefinitely, without damage to the mech- 
anism. Due to the light weight and the correspond- 
ingly small amount of power required, a car of this 
type will show exceptional economy. The fuel-consump- 
tion is light, the car running between 5 and 7 miles per 
ga’. of gasoline. Due, also, to the light weight, the car 
has very good acceleration, reaching a speed of 25 m.p.h. 
in 30 sec. from a standing start. This car is arranged with 
two four-wheel pivoted trucks. The drive is from the unit 





COMPARTMENTS OF THE CAR SHOWN IN F'G, 


powerplant, located forward, through an auxiliary trans- 
mission, contained in the bolster of the front truck, 
shown in Fig. 9, to the two axles of the front truck. The 














Fiag. 9 


POWER 


FRONT TRUCK OF THE CAR 


ILLUSTRATED IN Fic. 7 IN WHICH 
Is DELIVERED TO BoTH AXLES BY AN AUXILIARY TRANSMISSION 
CONTAINED IN THE TRUCK BOLSTER 
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Fic. 10—A 30-PASSENGER GASOLINE 
SERVICE ON 


auxiliary transmission is arranged so that either of two 
pairs of gears can be used for transmitting the drive, 
thus, in effect, giving two high-gears. One of these gears 
is proportioned for the ruling grade on the particular 
railroad on which the car is to be used, and the other 
is proportioned to give a maximum speed in straightaway 
operation. 
SERVICE POSSIBILITIES 

The success of the motor-coach, after all, hinges pri- 
marily on the engine. The car must be designed with 
this thought always uppermost. The engine must be 
one that will stand up under the severest service. It 
must be capable of operating continually at high speed 
and under wide-open throttle with the minimum of vibra- 
tion. Everything must be accessible and so arranged that 
repairs can be made quickly. 

The gasoline-driven railroad motor-coach will enable 
many branch lines and short lines that are now oper- 
ating at an enormous loss to be converted to a money- 
making basis on account of the low cost of operation, 
maintenance and the like. A 13-ton car can be operated 
for 25 to 35 cents per car-mile, as against a cost of 
$1 to $2 for steam operation. The initial cost is low. 

Frequent service could be given where it is not justi- 
fied now by a steam train. A freight-carrying unit might 
be installed in conjunction with a passenger unit at an 
initial cost much below that of a passenger unit. The 
gasoline motor-coach as a unit possesses many advan- 
tages over steam and electrified service; namely, speed, 
frequent service, low cost of operation, a crew of one or 
two men, the elimination of the usual terminal facilities 
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and a great reduction in the initial cost. In conclusion, 
the railroad motor-coach is primarily designed for ser- 
vice where steam operation is too expensive and frequent 
service is desired. 

There is a small branch-line in the Blue Ridge Moun- 
tains that was getting only about $30 per day in pas- 
senger revenue while the operating cost with a steam 
train was $46 per day. A 30-passenger gasoline motor- 
coach, illustrated in Figs. 10 and 11, was installed and is 
running for about $10 per day or about 11 cents per 
mile; this is the total operating cost. Coal docks, water 
tanks, cinder pits, hostlers and the like are not neces- 
sary. That branch line, running from “nowhere to no- 
where,” is now making $20 per day profit. This sort of 
operation is a live issue with the railroads. As a result 
of this showing this road has put on a second car, and 
it is doubling its service voluntarily because it pays. 
The larger cars will vary in operating cost according to 
their capacity and speed. A car of this type can be oper- 
ated for 20 to 30 cents per mile, depending upon the 
track, speed, number of stops and other conditions. 


THE 


C. CHANDLER:—Mr. Hall, vice-president and general 
manager of the New Orleans & Lower Coast Railroad, 
states that the operation of its gasoline railroad motor- 
car is costing 15 cents per mile, without depreciation. | 
understand that a trailer, to be installed in the near 
future, has been ordered. The Illinois Central Railroad 
is, of course, very much interested in anything that will 
reduce operating expenses. With this idea in mind the 
management has started an investigation covering the use 
of motor cars on branch lines. At the present time we 
do not know just what is desired in the way of a railroad 
motor-car. On account of the race question in the South- 
ern territory, it is possible that a car which would be 
satisfactory on the Northern lines would not answer at 
all in the Southern districts. The investigation so far 
indicates that the handling of freight by motor car is 
not desirable. 

CHARLES O. GUERNSEY:—I think that about 75 hp. 
would be the outside limit of engine capacity. Where 
the roads are fairly flat, it is possible to haul a light 
trailer behind one of the cars. Almost every case has to 
be considered alone. I would say that when hauling pas- 
sengers and no express on an ordinary road having less 
than 1l-per cent grades, from 50 to 70 people could be 
handled. The time schedule is a governing factor. 

A MEMBER:—I notice that in riding there seems to be 
a perpetual jar. The operation of the engine jars every- 
thing loose. The windows rattle and you think there is a 
hail-storm. It must be due to the constant rattling of the 
engine. I am wondering if that has been overcome since 
I rode on a gasoline coach, operated by the Ann Arbor 
Railroad and the Pere Marquette Railway several years 
ago. 

Mr. GUERNSEY:—That car on the Ann Arbor line 
weighs 54 tons. This means that they must have about 
200 hp.; that they must go beyond the commercial limits 
of the gasoline engine to get sufficient power; and that 
the big heavy engine vibrates to such an extent that it 
becomes uncomfortable for passengers. The thing we 
need to do is to make the car light enough to conform 
to the size of engine that has been proved. With a light 
car it is possible to get better acceleration with 60 hp. 
available than they got with 200 hp. Another point is 
that those heavy cars, because of the enormous weight 
and power required to move them, cost almost as much 
to operate as a steam train. The operating cost varies. 
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We get a different report everywhere we go. 
vary, of course. 

Mr. CHANDLER:—They are operating at a cost of 
about 40 cents per mile, with a passenger revenue of 
about 55 cents per mile, not including revenue from milk, 
express or mail service. That is the only car of that kind 
that I know of. 

L. G. PLANT:—Light local-passenger service, which 
involves the operation of a steam locomotive and not 
more than three coaches, is undoubtedly the most expen- 
sive service performed by the railroads in proportion to 
the revenue received. Testifying before the Interstate 
Commerce Commission in regard to railroad problems and 
the efficiency of railroad management, Mr. Willard, presi- 
dent of the Baltimore & Ohio Railroad, recently made 
this significant statement regarding railroad passenger 
service: 


The feature of the passenger business is 
not the ordinary running of the heavy through-trains. 
My observation is that usually they pay. The expen- 
sive part of the business is the running of thousands of 
miles of unprofitable passenger service on _ light 
branches, or light portions of main lines where the 
people demand the service. I have not made figures 
recently, but I recall that a few years ago some 30 per 
cent of the total passenger traffic carried by the Balti- 
more & Ohio Railroad earned less than the actual out- 
of-pocket cost. We earned less money than the actual 
wages paid to the trainmen and enginemen, for the coal 
burned and the oil used, and there was not a single 
train either that we could take off. They were estab- 
lished and have been run in response to the public de- 


Conditions 


expensive 


mand; and I am not in position to say that the public 
is not entitled to the service. Usually the service con- 
sisted of two passenger trains in each direction over 
branch lines. The business did not justify running 


the trains, but the people had no other way to travel. 


While Mr. Willard did not refer to the steps taken by 
his railroad toward reducing the cost of this service, 
it is understood that the Baltimore & Ohio Railroad is 
actively interested in the possibilities of the gasoline 
motor-car. The Railway Review also is interested in the 
possibilities of the gasoline rail motor-car and from the 
time the first article describing this class of equipment 
appeared in this paper some months ago, no one subject 
has created greater interest. It is our belief that in the 
present and prospective designs we have the solution to 
the problem outlined by Mr. Willard. In fact, my expe- 
rience some years ago in the purchase of a small rail- 
road in a mountainous section of Virginia convinced me of 
the value of the gasoline rail motor-car as a means for 
handling light local-passenger traffic. This road had 
been a losing venture for many years and, in planning 
for the future operation of the road, I conceived the idea 
of purchasing a motorbus, such as I had seen operating 
on the streets of Birmingham, one of the first Southern 
cities to adopt bus transportation extensively, and equip- 
ping it with flanged wheels. I have since been a firm 
believer in the gasoline railroad-car as a practical means 
of reducing the cost and improving the character of 
local-passenger service, provided the elements that have 
contributed to the success of the motor truck, such as 
simplicity of operation and maintenance, light weight 
and low first cost, are not ignored. It is interesting tc 
observe that a recent investigation into the use of gaso- 
line railears on short-line railroads revealed the fact that 
in every instance the substitution of gasoline service 
for the steam locomotive had converted an annual deficit 
into a surplus, although in many instances gasoline 


equipment of the most primitive type was being used. 


In view of the interest on the part of railroad officials, 
it is perhaps puzzling to the builders of gasoline cars to 
find so much hesitancy on the part of the railroads toward 
the actual purchase of the equipment, even where the 
capacity of the railcar has been demonstrated and the 
operating economies are obvious. If a motor-truck 
builder can convince a local coal-dealer that he can save 
$1000 per year through the substitution of a motor truck 
for team delivery and the dealer can finance the purchase, 
the sale of the truck is ordinarily assured, but it should 
be borne in mind that in this case the profit from the 
investment will accrue directly to the dealer, whereas the 
meager profit resulting from railroad operation is paid 
to stockholders whose connection with the actual details 
of the service is usually remote. I do not wish to indicate 
that railroad managers and employes are not making a 
sincere effort to improve the efficiency of railroad opera- 
tion in every possible way, but their less responsive atti- 
tude can be ascribed chiefly to a lack of business initiative 
that is more or less characteristic of all large institutions. 

While railroad officials are undoubtedly interested in 
the development of the gasoline railcar, they are inclined 
to see the objections to this equipment rather than its 
possibilities and to stress the importance of certain 
changes in the details of the construction of the cars 
instead of the lower operating cost of and small invest- 
ment required for the equipment in its present form. 
Railroad officials also are inclined to want equipment that 
will duplicate the existing steam service. In the situa- 
tion described by Mr. Willard, the question is not neces- 
sarily that of duplicating the performance of the two 
passenger-trains that operate daily in each direction over 
branch lines, but of expanding the service and of build- 
ing up additional traffic at less cost than is possible with 
steam operation. It is conceivable that on local service 
radiating from a shopping center a gasoline railcar could 
be maintained in continuous operation throughout the 
day and handle a greater number of passengers at less 
cost than is possible with a steam train. It is reasonable 
to assume that more frequent service would stimulate a 
greater volume of traffic. I have in mind a typical situa- 
tion on a short branch-line where there is but one train 
into town early in the morning and one train returning 
late in the evening. The installation of a frequent gaso- 
line railcar service throughout the day would not only 
attract more travel, as in the case of the electric line, but 
enable the railroad to handle a greater number of pas- 
sengers per day at a lower cost. Notwithstanding these 
obvious possibilities, we find that one railroad is not 
interested in gasoline railcars unless the cars are de- 
signed to seat 72 people, while another road insists that 
the equipment must be capable of pulling four or five 
box-cars if necessary. Still another railroad expects to 
use its old coaches weighing some 60,000 lb. as trailers 
rather than charge this equipment off its books, this 
being a case where the railroad has failed to make a 
sufficient depreciation allowance for the coaches and is 
carrying them at a higher book-value than they are actu- 
ally worth. 

On the other hand, there are certain requirements of 
the railroad, particularly those that relate to safety, the 
importance of which may not be fully appreciated by 
manufacturers, but which designers, in their desire to 
make the equipment as light as possible, should not ig- 
nore. Builders of gasoline railcar equipment cannot yet 
be said to have a full understanding of the problems in- 
volved and an appreciation of the fact that it is not what 
the car is, but what it will do, that interests the practical 
railroad man. Generally speaking, the manufacturers 
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have not differentiated between the problem involved in 
marketing trucks and the problem of selling to the rail- 
roads. It will necessitate an organization that under- 
stands the railroad problem and the full significance of 
departmental relationship that is foreign to the ordinary 
commercial organization. I believe that the arrangement 
to market gasoline railcars through local agencies that 
receive a large commission would not appeal to the rail- 
roads, and that the service feature so essential to the 
truck business would not meet with favor on the aver- 
age railroad. It will be necessary in a majority of cases 
not only to demonstrate that the car will operate, but to 
show the railroads where they can use the cars to advan- 
tage; and this involves a large amount of educationa’' 
work. 

CHAIRMAN LON R. SMITH:—Nobody would claim that 
the gasoline railroad-car would take care of the service 
that demands a steam outfit. The branch-line service, 
which is necessary on a steam line, makes the advantages 
of these gasoline-propelled cars of interest. Most of the 
railroad people seemingly are interested in the subject. 
The question is, what type of car will best meet their 
needs. 

J. D. RISTINE:—The railroad motor-coach is of vital 
interest. It can be used successfully where the cost of 
steam operation is too great and frequent service is re- 
quired, at a cost approximately one-fifth to one-third that 
of a steam train. The gasoline engine is, first of all, the 
all-important thing to be considered. We must not fail, 
however, to consider its limitations and construct a coach 
accerdingly. For the present we are limited to engines 
of about 75 hp. as a maximum, for the reason that larger 
engines have not been perfected to the point where they 
are commercially successful. Coaches should be designed 
so that minor changes can be made to meet conditions, 
but in all cases the total weight must be given careful! 
consideration. 

MARK A. SMITH:—The car that Mr. Guernsey has de- 
scribed was driven from Wabash, Ind., today, carrying a 
group of railroad men as passengers. The running time 
from Peru, 75 miles distant, was 2 hr. and 35 min. The 
time on the steam train would have been 13 min. longer. 
The maximum speed attained in this run was 48 m.p.h. 
The coach took the grades at from 25 to 30 m.p.h. The 
gasoline consumption from Wabash, 91 miles, was 15 
gal., including idling; or 6 miles plus per gal. 

A: L. NELSON :—That is very good economy. 

ALBERT KING:—I am a road foreman of engines on the 
Wabash Railroad. The car mentioned is a very simply 
constructed affair. I ran it myself the first time I was 
ever on it. I own an automobile but I do not consider 
myself an expert driver. The car has many features that 
could be used to advantage by railroads. I take it that 
they all have the same conditions that we have. A steam 
locomotive never operates at its maximum efficiency ex- 
cept at or near its maximum capacity. If it had suffi- 
cient tractive power to haul 2000 tons over a 100-mile 
division and the coal consumption were, say, 6 tons, under 
the best and most economical management it would not 
take one-half that load over the same division with one- 
half that amount of fuel. That is why the operation of 
branch lines is so expensive. The only thing that I could 
suggest to Mr. Guernsey and his fellow-workers is to 
perfect a car that will meet all the requirements of 
branch-line or local-passenger service. The cars that are 
being designed are a little too small. A 35, 40 or 50- 
passenger car is hardly large enough, and the trailer 
feature is not, to my mind, desirable. The men engaged 
in building railroad motor-cars have a broad field. 
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GEORGE A. WEIDELY:—Why did Mr. Guernsey specify 
the limit at 75 hp.? Engines used in the fire-pump service 
develop 100 to 120 hp. continuously and economically 
under severe conditions, making runs of 30 to 50 hr. It 
seems to me that engines of that kind would be very 
satisfactory in railroad service. I am also wondering 
what Mr. Guernsey’s idea is as to the number of cylin- 
ders most suitable for that service. 

MR. GUERNSEY :—I may have been a little unfortunate 
in the manner in which I stated the horsepower limit. 
We do not say that we have the ultimate thing. I see no 
reason why ultimately it should not be possible to have a 
larger car with more power but with an increased num- 
ber of cylinders. Of course, we must remember that in- 
creasing the capacity of the car increases the fuel cost 
and the operating cost. It is in the haul in which you 
get 40 people sometimes, but usually 6 or 8, where these 
things really belong. I think there are great possibilities 
for the future development of these cars. 

IRA C. KOEHNE:—A few weeks ago I took the train 
from New Haven toward Waterbury and rode about 40 
min. on a gasoline-driven railcar. That ride 
punishment on account of the excessively short jerky 
vibrations, not only from the engine, which is in the 
front of the car, but from the rear axle as well. I think 
it would be a menace to the health of passengers to ride 
on a car of that construction. I can see that the con- 
struction pointed out by Mr. Guernsey has features 
that cushion the vibrations. Economy of operation is a 
very desirable consideration, but to make the thing a 
success the comfort of the passengers must be conserved. 

K. O. MANSUR:—I have had the benefit of all the grief 


Was a 


that came with the introduction of the gasoline rai 
motor-cars, having operated them since 1914. I am 
operating them on the Akron, Canton & Youngstown 


Railway at present. 
The gasoline-electric motor-car with which I am most 


familiar has an eight-cylinder engine, 8-in. bore and 
10-in. stroke; it runs at 550 r.p.m. and gives 175 hp. 
This engine is direct-connected to a 600-volt series- 
wound generator that furnishes the current for two 


100-hp. motors on the front truck. The most trouble was 
encountered because the steam engineers did not under- 
stand the gasoline engine and did not know what to d 
in emergencies. A short time ago an engineer called m 
up from the road, reporting that a valve had broken and 
dropped into the cylinder. He wanted to know what 1 
do. I told him to shut down the engine, but it was to: 
The damage was done. These engines have too 
many moving parts and are too complicated for an i 
experienced man to watch. 

The electrical equipment has, and has give! 
trouble, depending upon where the car is taken care of. 


iate, 


; 
not, 


In some cases the men do not realize the necessity of 
keeping the oil away from the motors, and I know of one 
case where an armature was saturated with oil. When 
the oil is kept out of the motors, no trouble occurs. I am 


of the opinion that these cars could still be made to oper 
ate efficiently if an automotive engineer would study 
them and make a few changes in ignition and carburetion 

While these cars weigh 35 tons and 60 per cent of this 
weight is on the front truck, I believe we can still g 
ahead with the large type of car and reduce some of the 
weight by using a high-speed engine. With the past 
types of construction, the railroad men have condemned 
the gasoline engine for railroad service because of the 
failures and delays on the road that are due to the break- 
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Coming Meetings of the Society 


THE ABERDEEN MEETING 


— of the Society of Automotive Engineers, the 
j American Society of Mechanical Engineers and the 
Army Ordnance Association have been invited by the Ord- 
nance Department of the United States Army to witness a 
program of test-firings and demonstrations of post-war ord- 
nance materiel at the Aberdeen Proving Ground, Md., Fri- 
day, Oct. 6, 1922. The arrangements for this year’s meeting 
will be similar to those for the meeting in October of last 
year. There are no accommodations permitting visitors to 
remain overnight at the reservation, thus necessitating the 
limitation of the meeting to a single day. The program will 
start about 9:00 a. m. allowing time for the arrival of the 
regular through trains on the Baltimore & Ohio and the 
Pennsylvania Railroads. Definite railroad schedules will be 
included in the October issue of THE JOURNAL. 

Special badges admitting Society members to the Proving 
Ground on the day of the firings will be issued to those re- 
questing them from the Commanding Officer on the blank at 
the bottom of this page. The application blank must be ac- 
companied by check for $3 to cover the cost of luncheon and 
dinner to be served on the reservation. Reservations for meals 
are irrevocable since all food and facilities for this service 
are transported to the Grounds by a Baltimore caterer and it 
is necessary that he have definite advance notice of the num- 
ber to be served. No provision will be made to serve meals 
to those who fail to secure tickets in advance of the meeting 
date. Breakfast should be eaten on the trains before arrival 
since luncheon will be the first meal served on the Proving 
Grounds. 

The Ordnance Department makes particular mention of 
the fact that, due to limited accommodations at the Proving 


Ground, it will not be practical to permit ladies to witness 
the firings. Absolutely no exception to this rule will be made 
and members are requested to avoid an unpleasant situation 
by complying with this request. 

Arrangements will be made to have the early-morning 
Pennsylvania and Baltimore & Ohio through trains stop 
at the reservation. Pullman reservations from New York 
City may be made through the Society offices at 29 West 
39th Street, New York City. The acknowledgment of the 
reservation will state the time of departure and the cost of 
the ticket and Pullman. Payment may then be made by 
check and the tickets will be forwarded to the member order- 
ing them. 

The details of the firings and demonstrations have not been 
announced at this time but a representative conception of 
the program may be had from a reading of the notice of the 
1921 Aberdeen Meeting on p. 217 of THE JOURNAL for 
October, 1921. 


ANNUAL MEETING PAPERS 


The Meetings Committee is now selecting authors and 
papers for the technical sessions at the Annual Meeting in 
New York City, Jan. 9 to 12. If you wish to be included in the 
program, submit an outline of your proposed paper at once. 
Be sure that its subject is general in interest and one of the 
matters demanding close attention at this time. The limited 
period available for presentation and discussion necessitates 
the concentration of the papers on problems that are general 
in their appeal and whose solution is urgent. It is doubtful 
if any request for inclusion in the program can be granted 
after Oct. 1. 


THE DETROIT PRODUCTION MEETING 


_ program and arrangements for the national automo- 
tive Production Meeting of the Society in Detroit, Oct. 26 
and 27 are well advanced at this time. The General Motors 
Corporation has very kindly provided quarters for the meet- 
ings in the massive General Motors Building on the Grand 


Boulevard. The building is easily reached from all sections 
of the city by surface car, motorbus or automobile, and is in 
the geographical center of the manufacturing district. It 
is one of the largest structures of its kind and has nearly all 
of its space occupied by automotive interests. 


ABERDEEN ORDNANCE MEETING 


OCT. 


6, 1922 


APPLICATION FOR TICKET OF ADMISSION AND 
RESERVATION FOR MEALS 


: Important 


1. Only citizens of the United States can attend this meeting. 


he 


No one engaged in the manufacture of arms or munitions for a foreign government 


which is at war is permitted on the Proving Ground. 


*. 
~~ 


No ladies will be permitted to attend this meeting. 


; 4. Make all checks payable to the Commanding Officer, Aberdeen Proving Ground. 


' 
' 
‘ 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
‘ 
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The two-day program of the Production Meeting will in- FACTORY INSPECTION VISITS PLANNED 
clude two morning sessions for the reading of papers, two x. K. Baas, vite-chairman af. he Detroit Section, is 
series of factory visits in the afternoons and a Production : roe 
heading a committee that will arrange the series of factory 


Dinner on the first evening. The meeting is to be national] 
in scope and it is expected to attract a large number of 
production executives to Detroit. 


A NOVEL MEETING PLAN 


The committee charged with the selection of papers and 
conduct of the meetings has laid out a program that is 
unusual in plan and promises to be of exceptional interest 
and value. The committee is composed of Karl Herrmann, 
chairman, C. Harold Wills, E. F. Roberts, T. J. Litle, W. J. 
Alles and F. A. Whitten. At the first meeting of the com- 
mittee, Mr. Wills suggested that the production meetings 
be devoted to a symposium on production problems, several 
passenger-car producers being invited to contribute their ex- 
periences. The several papers are to be read by each of the 
contributors in advance of the meeting and their contents 
coordinated so that the thought expressed will be fairly rep- 
resentative of the entire group. Mr. Wills’ suggestion met 
with unanimous approval and the plan is being carried out 
at present. The following companies have members of their 
production staff preparing matetial for the symposium: 
Dodge, Ford, Packard, Studebaker and Wills. The coopera- 
tion of other companies is expected so that a total of 10 
organizations will be represented by their production offi- 
cials on the program. 

The subject matter of the papers may be subdivided into 
three groups. First, manufacturing problems that are com- 
mon to all producers will be enumerated in order that the 
thought of production engineers will be centered on the solu- 
tion of them. Second, those producers who have made a par- 
ticular study of any of these problems will contribute the 
results of their research for the benefit of the industry. 
Third, each producer will describe the outstanding develop- 
ments in machine tools or methods in his factory that he 
believes to be of general interest to production men. A num- 
ber of problems have come to light under the first heading; 
the cutting of accurate gear teeth, the manufacture of silent- 
running gearing, the cutting of accurate threads and the 
production of perfect cylinder bores. Authorities on machine- 
tool design will be invited to contribute discussion on cer- 
tain of the problems at the meeting after the formal pres- 
entation of the papers. It is not the intention to preprint 
either the papers or discussion for general circulation in 
advance of the meetings. 


THE COMMANDING OFFICER, 


ABERDEEN PROVING GROUND, 


inspection trips each afternoon of the Production Meeting. 
Immediately following the morning meetings, luncheon will 
be served in the General Motors Building convenient to the 


meeting room. This scheme will enable the members and 
guests to remain together for a short social! period when 


informal personal discussions will be in order. Following 
luncheon, the members will be taken by automobile to the 
larger Detroit factories for inspection trips which will be 
conducted in each case by the production executives in charge 
of that factory. Several plants will be visited simultaneously 
necessitating a member choosing the particular ones of the 
greatest interest to him. The inspection trips will differ 
from those generally taken on such occasons. The routes 
through the shops will be selected to enable the production 
men to inspect only those departments whose equipment, lay 
out or methods are unusual. A period will be provided 

the end of each visit to accommodate members 
see a particular department of interest to them. 


who wish 


THE PRODUCTION DINNER 

The Production Dinner will be held on Thursday evening, 
Oct. 26, the location to be announced later. The dinner wil! 
be strictly informal and evening clothes conspicuous by thei: 
absence. The dinner talks will be short and to the 
The speakers will be representative executives of the aut 
motive industry and their remarks will be confined to the 
industry’s business. The purpose of the dinner is to pro- 
mote intimate friendships among the men who build moto: 
vehicles, to provide an enjoyable evening’s entertainment and 
to inspire all factory men to keep automotive quality fore- 
most in their minds that industry may endure. 


point 


NON-MEMBER PRODUCTION MEN WELCOME 


It is recognized that a large number of production men 
who are not members of the Society will want to attend the 
meetings, inspections and the dinner. They should be as- 
sured by the members that their participation in all three of 
these activities is not only welcome but invited. This meeting 
is a producers’ meeting. It is intended for shop executives, 
and their presence in large numbers is essential to its success. 
Each member should cooperate to the extent of personally 
inviting the men in his factory to participate in the Produc- 
tion Meeting on Oct. 26 and 27. 


ABERDEEN, MD. 


As a member of the Society of Automotive Engineers, I accept 
visit the Aberdeen Proving Ground on Friday, Oct. 6, 1922. 


the invitation to 
Please provide luncheon 


and dinner for me that day, for which I enclose remittance for $3. 

I hereby certify that I am a citizen of the United States and am not connected 
with any company manufacturing munitions for any foreign government. 

Please forward identification badge and luncheon and dinner tickets to me at 


6.2 wee eee @e @ ee e@ ee ee «6 


Address 
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SR CR OO EMS 


OFFICE BUILDING OF THE GENERAL MoTors CORPORATION, DETROIT, IN WHICH THE PRODUCTION MEETING OF THE SOCIETY 
WILL BE HELD, Oct. 26 AND 27 


GASOLINE RAIL 


MOTOR-COACH 


(Concluded from p. 280) 


ing of small parts and to having them operated by in- 
experienced men. 

W. H. BuDERUS:—I am interested in lubrication. Our 
greatest trouble in the earlier cars was on account of the 
oil in the crankcase becoming diluted so quickly. Those 
crankcases held 26 gal. The lighter type of engine, 
which Mr. Guernsey has explained, holds from 2 to 3 
gal., a tremendous saving. In regard to the engine of 
lower horsepower, I happen to know that a car is now 
under construction which will use a 100-hp. engine. I 
understand the Baltimore & Ohio Railroad estimates that 
it could place 50 gasoline railcars on its system alone; 
that is, there is an opportunity for this number of cars 
to replace unprofitable steam-train service. 

Mr. GUERNSEY :—It is well within the possibilities to 
build a car for way-freight service and for use where it 
might be required to handle one or two loaded cars. In 
fact, the operation of these cars can be pretty well illus- 





trated by what is being done on the electric interurban 
lines. They haul way freight in carload lots and by a 
trailer. These cases come up on branch lines, where the 
speed need not be more than 20 or 30 m.p.h. A car-and- 
trailer arrangement can be worked out, provided the 
speed conditions and grades are not too severe. We run 
about 700 miles per gal. of oil. As to the noise from the 
engine, and the vibration and rough riding due to the 
reaction from the driving axle being objectionable to the 
passengers, these are things we have set out to overcome. 
They are one of the reasons we are using two four-wheel 
trucks. The point was raised regarding bus competition. 
A car running on the rails can starve a bus man to death. 
A 30-passenger bus operating on the highway costs about 
30 cents per mile to operate, while one running on rails 
will cost about 12 cents per mile. These cars, because of 
their light weight, require very little expenditure for 
maintenance. 
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Valve Actions in Relation to Internal- 
Combustion-Engine Design 


By CHESTER 5. 


Mip-West Section PAPER 


HE authors present and discuss the results ob- 

tained from combined road and laboratory tests 
made to determine the amount of power required to 
maintain a given car speed. The specifications of the 
car and its engine are stated and the variable-ratio 
rocker-arm of the engine is illustrated and its advan- 
tages explained, together with those of the valve-tim- 
ing. The subject of manifold gas-velocity is treated in 
some detail, inclusive of a diagram showing the hot- 
spot or vaporizing device that was used. 

The test data are reduced to curve form, eight charts 
being shown. The curves include those for brake horse- 
power, indicated horsepower, comparative performance, 
performance at different throttle-openings and at dif- 
ferent loads, fuel consumption and indicated thermal 
efficiencies. 


re HE first tests made were to determine the road 
i, resistance offered by a car running at a constant 
speed over a 4-mile course. This was the grav- 

eled Milton-Pike road, north of Connersville, Ind. The 
average outdoor temperature was 45 deg. fahr. and the 
barometer read 29.4 in. To determine the same points 
in the laboratory later with the engine and carbureter, 
graduated cards were fastened on the carbureter and on 
the ignition control so that we knew the exact point at 
which each of these instruments was set at each speed 
at which the car was run. The purpose of these cards 


TABLE 1—SPECIFICATIONS OF LEXINGTON MODEL ST CAR 
Weight with Driver, Spare Wheel, Tools and 


Tanks Full, lb. 3,405 
Weight, Less That of 159-lb. Driver, lb. 3,246 
Allweather-Tread Cord Tire, Size, in. 32 x4 
Average Roll of Rear Wheel, in. 101 
Number of Wheel Revolutions per Mile 628 
Number of Engine Revolutions per Mile 2,908 
Exhaust Cut-Out Open 
Rear-Axle Gear Ratio 45 tol 


TABLE 2—GENERAL SPECIFICATIONS OF THE 
ENGINE USED 

Type Valve-in-head 

Number of Cylinders 6 


Bore, in. 3% 
Stroke, in. 4% 
Piston Displacement, cu. in. 224 
Number of Crankshaft Bearings 3 
Length of Front Main Bearing, in. 2% 
Diameter of Front Main Bearing, in. 1% 
Length of Center Main Bearing, in. 25% 
Diameter of Center Main Bearing, in. 2% 
Length of Rear Main Bearing, in. 33% 
Diameter of Rear Main Bearing, in. 2% 
Length of Crankpin, in. 1% 
Diameter of Crankpin, in. 21% 
Lubrication System Full Pressure 
Lubrication Regulation Vacuum 


Cooling Regulation 
Carbureter Type 


Rayfield Thermostat 
Rayfield Model M Horizontal 


Carbureter Size, in. 1% 
1M.S.A.E.—Consulting engineer, Indianapolis. d 
2M.S.A.E.—Chief engineer, Lexington Motor Co., Connersville, Ind. 
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Moore: 


Illustrated with DIAGRAMS AND CHARTS 


TABLE 5—AVERAGE WEIGHT OF 10 SAMPLES EACH OF 
MOVING PARTS TAKEN AT RANDOM 


Oz. 
Cast-Iron Piston 24.32 
Piston-Ring 0.85 
Piston-Rings per Piston 1.70 
Piston-Pin 3.44 
Connecting-Rod Assembly, Small End 7.90 
Connecting-Rod Assembly, Total Weight 15.47 
Valve Alone 3.31 
Valve Push-Rod with End 3.29 
Valve Lifter, Roller and Pin 6.23 
Valve Rocker-Arm Complete 4.34 
Valve-Spring Retainer and Key 0.82 


TABLE 4—PISTON AND CONNECTING-ROD SPECIFICATIONS 
Piston Material Cast Iron 


Length of Piston, in. 3 

Number of Piston-Rings 2 
Width of Piston-Rings, in. 
Length of Piston-Pin, in. 2% 
Outside Diameter of Piston-Pin, in. ¥ 


Inside Diameter of Piston-Pin, in. 

Connecting-Rod Section I-Beam 
Length of Connecting-Rod, in. 814 
Number of Connecting-Rod Cap-Bolts 
Diameter of Connecting-Rod Cap-Bolts, in. 


TABLE 5—VALVE-GEAR SPECIFICATIONS 


Diameter of Valves, in. 1.7500 
Clear Opening of Valve Port, in. 1.6250 
Diameter of Valve-Stem, in. 0.4120 
Length of Valve, in. 5.6870 


Combined Pressure of Dual Valve-Springs, 

lb. per sq. in. 75 
Valve Rocker-Arms Moore Type 
Valve Rocker-Arm Ratio, at Opening 1.265 to 1 
Valve Rocker-Arm Ratio, Full Open 3.047 to 1 
Diameter of Valve Push-Rods, in. 0.2500 


Diameter of Camshaft, in. 1.1250 
Radius of Cam Base-Circle, in. 0.6250 
Radius of Cam Point, in. 0.8437 
Lift of Cam, in. 0.2187 
Diameter of Valve-Lifter Rollers, in. 1.1250 


Intake-Valve opens 
Intake-Valve closes 
Exhaust-Valve opens 
Exhaust-Valve closes 


10 deg. late 
56 deg. late 
50 deg. early 
10 deg. late 


was to enable us to duplicate the speed test on the dyna- 
mometer in the laboratory and determine what horse- 
power was required to maintain the car at each given 
speed. Another purpose of the tests was to make the 
data which we obtained comparable with the data A. L. 
Nelson obtained in 1920. The curves shown were plotted 
from the data obtained during these tests. The Lexing- 
ton car with which the tests were conducted and the 
Ansted engine used in it had the specifications shown in 
Tables 1 to 5. 

The type of rocker-arm shown in Fig. 1 is interesting; 
it has a variable ratio. It opens the valve slowly and 
then, as the valve continues to open, the ratio on the 
rocker-arm changes and, when the valve is wide-open, the 
end-point gives the rocker-arm nearly three times the 
ratio that it has at the start. In other words, the ratio 
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is approximately 1144 to 1 when the valve is cracked 
open, but when the valve is wide-open, the ratio is almost 
31/16 to 1. This brings up an interesting point in con- 
nection with the rocker-arm for the exhaust-valve, be- 
cause this valve opens against the full pressare in the 
combustion-chamber. This gives the maximum leverage 
or about a 114 to 1 ratio when the valve is cracked open; 
after that, the pressure being equal on both sides of the 
valve, the valve-gear has less work to do and this becomes 
less important. 

Another point in connection with this variable-ratio 
rocker-arm is that a rocker-arm on the top of an engine 
rises and falls with the expansion of the cylinder-block. 
The push-rod may expand the same amount as the cylin- 
der-block does or it may not. If the push-rod does not 
expand the same amount as the cylinder-block and the 
valves are adjusted when the engine is hot so that they 
have very little clearance, there is the possibility of 
holding the valves open when the engine is cool, due to 
the variation in the push-rod and the cylinder shrinkage. 
That is clear to anyone who has had anything to do with 
an aluminum-cylinder engine. In fact, it has been found 
necessary to allow from 0.013 to 0.015-in. clearance be- 
tween the rocker-arms and the valve-stems on an alumi- 
num-cylinder engine when they were hot, to insure that 
the valves close when the engine is cold. Here we have 
a very small ratio, practically a 1 to 1 ratio on the valve- 
gear at the closed point; hence, this design is not so sus- 
ceptible to variations in the length of the cylinder-block 
or the length of the push-rod, due to manufacturing dif- 
ficulties or to temperature. The subject of the velocity 
of opening and closing the valve is likewise noteworthy. 
The rocker-arm starts off with the 114 to 1 ratio and ends 
with a wide-open valve having a 31/16 to 1 ratio. That 
undoubtedly affects the valve action. In fact, we know 
it affects the valve very noticeably in regard to quietness. 

The valve timing of the Ansted engine is such that the 
exhaust closes and the intake-valve opens at 10 deg. past 
top dead-center; the intake closes 56 deg. late, while the 
exhaust-valve opens 50 deg. early. 

The intake-valve of the engine mentioned by A. L. 
Nelson in his paper entitled Fuel Problems in Relation to 
Engineering Viewpoint’ opens at 4 deg. past top dead- 
center and closes 60 deg. late, or only 4 deg. later than 
the intake-valve of the Ansted engine; hence, so far as 
the intake-valve timing is concerned, both engines are 
practically the same. The exhaust-valve of Mr. Nelson’s 
engine opens 52 deg. before bottom dead-center. 

For convenience in comparing the speed of the car and 
the revolutions per minute of the engine, all the charts 
are made on both a miles-per-hour and a revolutions-per- 
minute basis, as follows: 


Car Speed, m.p.h. Engine Speed, r.p.m. 


10 484 
20 968 
30 1,454 
40 1,936 
50 2,420 
60 2,908 


For each 10-m.p.h. increase of the car speed, there is 
about a 500-r.p.m. increase in the engine speed, and this 
is an easy way to judge the curves. 


MANIFOLD GAS VELOCITY 


In computing the velocities of gas in the manifolds of 
a high-speed engine, some problems develop. A sectional 
view through two manifolds is shown in Fig. 2; the 
upper one represents the manifolds that A. L. Nelson 
uses in his engine and the lower one a cross-section of 


*See Tue Journat, February, 1921, p. 101. 





Fic. 1—-VARIABLE-RATIO RoOCKER-ARM 
The Ratio of a to b Is 1:3 


the Ansted-engine manifold. In both engines the carbu- 
reter opening is given as a and the area of the longitu- 
dinal manifold in the cylinder-head as b. The feature in 
the comparison of the two engines and their performance 
is that the area at a in Mr. Nelson’s manifold is large 
enough to maintain an average gas-velocity of 181 ft. per 
sec. when the engine is running at 3000 r.p.m. Appar- 
ently, he assumes in his design that only one-half of the 
gas comes over in this manifold, and therefore he gets a 
velocity of 175 ft. per sec. for one-half of the manifold; 
as the section b is reduced to 11% in. from the section a 
which is 23/16 in. in diameter. These figures are com- 
puted for an engine of 295-cu. in. displacement. One dif- 
ference exists between the two engines; the performance 
must prove whether it is for better or worse. In the 
Ansted engine, the manifold is 134 in. in diameter. The 
assumption made in its design was that more or less gas 
is handled over the entire manifold; so, instead of re- 
ducing this to maintain a uniform velocity for one-half 
of the gas, as Mr. Nelson assumes, it has been maintained 
at the same size. This difference is a manufacturing 
proposition. We question whether it was scrutinized 
very closely when the original design was made, but it 
worked so well that it has never been changed. With 
this 224-cu. in. engine we find by computation on the 
same basis that Mr. Nelson used that the gas velocities 
are very different. We find that the gas velocity at sec- 
tion b in this manifold is 97 ft. per sec., although the gas 
velocity in the manifold is 194 ft. per sec. at the same 
speed. 

This is not so much a matter of comparison as to in- 
duce thought along the lines of what size of manifold 
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Fic. 2—COMPARISON OF THE MANIFOLD SECTIONS OF Two HIGH-SPEED 
ENGINES, SHOWING THE DIFFERENCE IN THE DISPOSITION OF THE 
CARBURETER AND VALVE PoRTS 
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Fic. 3—Cross-SECTIONS OF THE CYLINDER-HEAD AND THE 


GRID 
The Exhaust Gases Pass along Either Side of the Hot Spot 


should be used in a six-cylinder head of this design. 
Some of the carbureter men may have some comments 
to make in regard to those figures. The gas-velocity 
figures are for an engine speed of 3000 r.p.m.; ‘at 400 
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r.p.m. in the low range, the results are very startling. 
For example, on the Nelson engine, the gas velocity is 
reduced to 47.9 ft. per sec. through section a at 400 
r.p.m., with 51 ft. per sec. at section b, while on the 
Ansted engine the velocity in section b of the manifold 
drops to 25 ft. per sec. where the gas-velocity in Mr. 
Nelson’s engine is maintained at 46 ft. per sec. A drop 
of 25 ft. per sec. ought to throw the unvaporized gaso- 
line down into this manifold and cause loading, but ap- 
parently it does not. We believe that this is due to the 
character of hot-spot or vaporizing device that is used 
at section a, a diagram being shown in Fig. 38. 


INTERPRETATION OF TEST DATA 


Fig. 4 shows the brake horsepower obtained with the 
Ansted 224-cu. in. engine. It will be noticed that the 
brake mean effective pressure on this engine, which was 
calculated from this brake-horsepower curve, is unusually 
flat for an engine of this type. It starts at above 90 lb. per 
sq. in. mean effective pressure and holds it out to about 
2000 r.p.m., or about 40 m.p.h. The indicated mean ef- 
fective pressure is taken from the indicated-horsepower 
curve that was obtained by the addition of the friction- 
horsepower values to the brake horsepower. We get an 
indicated mean effective pressure of about 100 to 109 lb. 
per sq. in. from the indicated-horsepower curve. This 
brake-horsepower curve was made from an experimental 
engine that was thoroughly limbered up, but just after 
we finished the test we had the misfortune to break a 
valve; this necessitated the use of a new unlimbered en- 
gine taken out of ordinary production stock to obtain the 
friction-horsepower curve that is shown. Hence this fric- 
tion horsepower is probably much higher than the fric- 
tion horsepower on a well limbered engine, but we gave 
the freer engine the higher-friction curve to be sure that 
the engine received no credit for something that it did 
not deserve. 

In the second series of curves shown in Fig. 5, we tried 
to interpret the data we obtained from the brake-horse- 
power curve so that it would be comparable with the data 
in Mr. Nelson’s paper. He gave the performance of a 
295.2-cu. in. engine with a 414 to 1 compression-ratio 
and then the results obtained from the same engine with 
a 5 to 1 compression-ratio. The results, plotted with 
revolutions per minute as the abscissas and the horse- 
power per cubic inch of piston displacement as the or- 
dinates, give the three curves shown in Fig. 5. The 
reason they are brought to a horsepower cubic-inch-dis- 
placement basis is to make a direct comparison between 
the 295.2 and the 224.0-cu. in. engines. In the 5 to 1 
compression-ratio engine, the performance falls below 
that which we obtained. This was surprising to us. 

The comparison in percentage between the three 
curves is shown at the top of Fig.5. Taking the Ansted- 
engine curve as 100 per cent, we find that the Nelson en- 
gine with a 5 to 1 compression-ratio, at from 900 to 1900 
r.p.m., has about 2 per cent more power per cubic inch of 
displacement. We find that the old 414 to l-ratio engine 
varied from 80 up to 92, and down again to 69 per cent 
of the Ansted-engine power, at speeds varying from 400 
to 2800 r.p.m., the point at which the Nelson curve ends. 

Fig. 6 is interesting as giving a general idea of how 
a standard engine performs, its torque curve being prac- 
tically flat and running from 120 down to 105 lb-ft. at 
3000 r.p.m. and down to 100 lb-ft. at 300 r.pm. The 
mechanical efficiency of this engine fell off more rapidly 
from its low speed where it had about 98 per cent effi- 
ciency to 74 per cent at 3000 r.p.m. 

Fig. 7 shows some surprising features. 


We used a 
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small quadrant in which the graduations of the move- 
ment of the carbureter throttle were divided into 20 di- 
visions on the throttle arc. The throttle is absolutely 
tight when closed. On the Model-M horizontal Rayfield PS iy I ON ee A Ea 
carbureter there is a small opening that allows the en- | 

gine to idle when the throttle is closed. For that reason pe 
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Fic. 5—COMPARISON OF THE POWER OBTAINED IN Two HIGH-SPEED 


ENGINES 


opening. With this same dial on the dynamometer, ad- 
justed exactly as when on the road, these same speeds 
were maintained with the same throttle-opening by vary- 
ing the number of pounds on the dynamometer. Thus, 
we determined how much power was being developed at 
that speed and throttle-opening. At the same time, an- 
other set of tests was made that was equally significant. 
In trying to determine what one-quarter, one-half and 
three-quarter throttle-openings are, we found that no- 
body who had made previous tests had stated specifically 
how they had found what each such opening was with a 
butterfly throttle; so, we made four runs, taking one- 
quarter, one-half and three-quarters of the dynamometer 
load for three runs and then made a wide-open throttle 
run. That gave constant loads, not throttle-openings, 
that varied in proportion to the wide-open-throttle load. 






































-DIAGRAM SHOWING THE THROTTLE-OPENINGS AT VARIOUS 
LOADS 
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We merely ran the power curve for the maximum brake- Car Speed m.p.h 
horsepower, and then ran a series of other horsepower 15 ee ee 30 __40 5( 60 


curves at. three-quarters, one-half and one-quarter of 
whatever the ordinate was. We then determined the 
throttle-opening at those particular speeds during that 
run. With one-quarter load, the throttle is never opened 
more than one-third; with one-half load, it is scarcely 
open more than four-tenths; and, at three-quarters load, 
it is only a little more than half-open. One can almost 
draw a straight line through the same speed-points and 
throttle-openings. 

After the road test, we came in, set the throttle as 
shown in Fig. 7, brought the revolutions per minute up 
to the same value and then read the pounds of torque 
shown by the dynamometer. From that result, we ob- 
tained the curve for road horsepower shown in Fig. 8. 
The abscissas are in terms of hundreds of revolutions 
and the miles per hour that the car travels. This is de- 
termined easily because we used a fixed gear-ratio. 
About 3 hp. is required at 10 m.p.h. to keep a car,rolling 
steadily on a gravel road; about 7 hp. at 20 m.p.h.; 13 
hp. at 30 m.p.h.; 20 hp. at 40 m.p.h.; 30 hp. at 50 m.p.h.; 
and 43 hp. at 60 m.p.h. Because we could not run the 
dynamometer at a speed of more than 3200 r.p.m., we did 
not determine what horsepower was necessary at 3400 
r.p.m., which is the speed at which the combined road and 
wind resistances apparently balance the horsepower of 
the engine. 

The dotted curve in Fig. 8 is the one obtained by Mr. 
Nelson on the Indianapolis Motor Speedway with a car 
weighing about 1000 lb. more than the car we used. It 
is particularly interesting because it shows that either 
our results were inaccurate or that there is greater re- 
sistance on a hard dirt road than that shown on the brick- 


Car Speed,m.p.h 
20 30 40 50 60 
a | TT 


T + mF + Ty + ~— 4 








+) 
s 4 
YU 
‘. 
gy 
ao 
.@) + + + 
¢ 20 } 
oO 
—18 10} 
‘ pie 
t 16 65 
Vv 
— 
014 60 
Vv 
=i2 55 
50} 
o 
g 45- 
2 
8 sol | 
) 
S 35} 
= 35 
30} 
25} 
20 
1Sr— 
10 
5 
0 
200 
Engine Speed,rp.m 
Fic. 8—Roap CHARACTERISTICS OF A CAR EQUIPPED WITH THE 


ANSTED ENGINE 






Y 
—- 


} 


b. per bhp.per hr 
rm 





n.| 
) 
oocUoODlhUlCe 
oe wo La] 


—1 


Fuel Consumptio 
oO 


oO oO 
uo Ss 


4 = a 
. 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 300 
Engine Speed,r.p.m 


FUEL-CONSUMPTION CURVES AT 





Fig. 9 VARIOUS ENGINE LOADS 


paved Speedway. This is the first comparison made be- 
tween the power required on the Speedway and on a dirt 
road. It is unfortunate that the same car was not used 
in both instances. 

The maximum brake-horsepower curve of the Ansted 
engine is shown in Fig. 8. It is evident that the power 
available and that required to run on the road are very 
different. The difference in power is the amount that is 
available for climbing hills and for acceleration. The 
percentage curve at the top of Fig. 8 indicates what it is. 
It is the ratio between the power required on the road 
and the brake horsepower available. At 10 m.p.h., about 
22 per cent of the power is used to drive the car, but at 
60 m.p.h. about 64 per cent is required. 

An interesting miles-per-gallon curve is shown in this 
diagram. The values were obtained from the pounds of 
fuel used per brake horsepower when running to obtain 
the road curve shown below it. From these computa- 
tions, we find the values to be 1815 miles per gal. at 20 
m.p.h.; about 13 miles per gal. at 10 m.p.h.; about 17 
miles per gal. at 30 m.p.h.; 15 miles per gal. at 40 m.p.h.; 
13 miles per gal. at 50 m.p.h.; and 81% miles per gal. at 
60 m.p.h. These values are a close check on the average 
runs made by this car on the road. Driving between 20 
and 40 m.p.h. day in and day out, we obtained some- 
where between 16 and 17 miles per gal. 
age that would be indicated by the curve. 

Some of the results obtained from the laboratory test 
when running the engine at full, three-quarters, one-half 
and one-quarter load are incorporated in Fig. 9. These 
curves show the pounds of fuel per brake horsepower 
used at various engine speeds or at equivalent car speeds. 
The lowest curve shows the fuel consumption obtained 
with full-throttle. The other three curves are signifi- 
cant. The one-quarter-throttle curve is of such a char- 
acter that we do not wish to interpret it at this time. 
We followed the points precisely as we found them on 
that curve and the other curves fell very close to the 
points as they were obtained during the test. The one- 
quarter-load curve shows some very unusual character- 
istics, indicating that something irregular happens in 
the carbureter and in the manifold at low-throttle. 

The indicated thermal efficiencies are plotted on both 
the indicated-horsepower and the brake-thermal-efficiency 
curves in Fig. 10. The former are in full lines and the 
latter are dotted. They are particularly absorbing to 
power engineers. We do not realize how much the 
modern automobile-engine can do. On the indicated 
thermal efficiency this engine utilizes about 271% per cent 


This is an aver- 
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of the fuel available when valuing the fuel at 19,500 
B.t.u. per lb. of gasoline. We were using 59-deg. Baumé 
gasoline weighing about 614 lb. per gal. These curves 
were computed on that basis. The full-load curve for the 
thermal efficiency on the brake horsepower runs up to 
24 per cent between 1800 and 2000 r.p.m. The curves 
that are below it are the thermal-efficiency curves at one- 
quarter, one-half and three-quarter loads. The three- 
quarter-load thermal-efficiency is almost as good as the 
full-load thermal-efficiency. The one-half-load curve be- 
gins to fall off rapidly and the one-quarter-load curve 
drops to as low as 14 per cent at the best point; but 
when we remember that a large powerplant runs at only 
about 25-per cent thermal-efficiency with everything in 
its favor, a small 70-hp. gas engine does well to show 
equally good thermal efficiencies. 

For convenience in comparing the curves, percentage 
curves are also shown. Assuming that the full-load effi- 
ciency is 100 per cent, the three-quarter-efficiency curve 
at a certain point runs from 92 to 96 per cent of the full- 
load efficiency, and does not drop below 90 per cent under 
50 m.p.h. At one-half load it runs down considerably 
more, from 72 per cent at low speeds up to 81 at 30 
m.p.h. and then down to 70 per cent at 60 m.p.h. At one- 
quarter load, at which a car operates most of the time, 
this curve shows that, at 10 m.p.h., the operation is at 
421, per cent of full-load efficiency. At 30 to 40 m.p.h. 
we may obtain as high as 57 per cent of the full-load effi- 
ciency, but it drops off rapidly as the speed increases. 

Fig. 11 shows a set of curves plotted from readings 
taken as the experiments progressed. A tube runs into 
the intake-manifold and is connected to a manometer in- 
dicating the inches of mercury depression in the intake- 
manifold at full load with wide-open throttle. At 3000 
r.p.m. there is only a 2-in. depression, and less than 1-in. 
depression at 300 r.p.m. The unusual characteristics are 
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Fic. 11—INTAKE-MANIFOLD DEPRESSIONS AT VARIOUS LOADS 


found in three-quarter, one-half and one-quarter-load in- 
take-manifold pressures. The only reason that we fol- 
lowed the points exactly as we obtained them was that 
there seemed to be this general characteristic of depres- 
sion in the curve at 1000 and again at 1600 r.p.m. 


THE DISCUSSION 


ROBERT W. CARINGTON :—What were the temperatures 
of the intake and exhaust-manifolds? 

CHESTER S. RICKER:—We did not take their tempera- 
ture readings. 

G. U. SMITH:—What was the amount of compression 
in pounds per square inch? 

Mr. RICKER:—At present, it reaches 80 lb. per sq. in. 

PROF. DANIEL ROESCH :—Were readings taken at dif- 
ferent speeds so that an idea can be given of what con- 
stitutes low, medium and high speed? 

Mr. RICKER:—No readings were taken at any speed 
except that at which the starter cranks the engine; that 
is about 150 r.p.m. 

C. H. KirBpy:—What is the peculiarity shown in that 
depression or vacuum curve? 

FREDERICK PURDY:—I am unable to explain the curi- 
ous curves shown in Fig. 11. What we call a fractional 
opening of the throttle is not a fractional division of the 
number of degrees; it is a certain metrical function of 
the cycle. I believe one-quarter of that, then another 
quarter and finally four-quarters would give the full 
opening, and that would give also the uniform area. That 
would account also for the half-open throttle at 60 m.p.h. 
and all the remainder of the way, because the increase of 
area is not very considerable. 

When I first saw those curves, I thought that the 
velocity effect on the exploring tubes must have been the 
cause of an erratic reading; for, in the readings as they 
were taken, with a tube extending into the manifold and 
with the opening at right angles to the axis of the mani- 
fold at that point, the static or the true suction-head and 
also the effect of the velocity or the dynamic head would 
be shown; that is, if one were taking the minus pressure 
as a suction value. But on further consideration this 
seems not to be tenable. As I understand it, there was 
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no variation in the throttle-opening or in its position, 
and the only variation was a load on the dynamometer to 
change the speed; so, it seems that we could not have any 
such curious shapes as that to atone for. I thought also 
that the drop in the suction value might have been at a 
point where the air-valve opened, but this seems to be so 
pronounced and so uniform that it is a characteristic. 
There seem to be two drops. With this point somewhat 
further along and nearer the slow side, it might possibly 
be accounted for by the point at which the valve began to 
open. There would be a gradual rise in the suction 
value as the engine speed increased, and then a° sudden 
drop as the valve broke its position. If that curve were 
laid out in terms of energy to speed and were a super- 
imposed curve of the suction, there might be some sort 
of a correspondence there, but the curious shape is a 
mystery to me. 

Mr. RICKER:—Concerning air-valves, with a hot-spot 
“frying grid” such as is used in the manifold on this en- 
gine as shown in the cross-section of the head in Fig. 3, 
the fuel is fed into that hot-spot and vaporized. It is 
thrown in there by the inertia due to the sudden change 
in the direction of the gas. The thing to be noted in con- 
nection with that type of manifold is that an almost dry 
gas enters the cylinders under all conditions. The only 
thing to watch out for is a sudden starving of the engine 
when the accelerator pedal is pushed down all the way 
in attempting to get a quick start from low speed. 

The next thing that had to be considered was enough 
port-opening to permit the high engine-speeds that are 
obtainable. It was essential to get a range of from 300 
to 3000 r.p.m. in a stock engine. Without an air-valve 
type of carbureter it seems to be impossible to obtain a 
speed range of from 300 to 3000 r.p.m. Because the air 
column is so much lighter than the fuel column issuing 
from the jet, the former goes into the engine and leaves 
the fuel behind when the throttle is kicked wide-open at 
low speeds. Unless something is done to dampen or slow 
up that air-column movement for the instant when the 
throttle is kicked open, one cannot obtain anything like a 
uniform mixture. That accounts for the good accelera- 
tion with this engine from such low speeds as 2 m.p.h. 
without a flat spot in the curve, and the fact that the 
carbureter can be adjusted for economy while still giv- 
ing the fuel-efficiency curves shown, without any read- 
justment during the tests. I am not saying that this 
sarbureter is the only one that will give such perform- 
ance but, from my experience with this and other en- 
gines, I feel that the air-valve type of carbureter merits 
very serious consideration for the maximum speed-range 
type of engine. 

Roy E. Berc:—Were gas temperatures recorded dur- 
ing the runs? 

Mr. RICKER :—No. 

Mr. Kirpy:—How did you make the determination of 
gas speeds? 

Mr. RICKER:—The gas speed is the number of cubic 
inches of displacement per minute divided by the area of 
the manifold section in square inches and divided by 12 
to reduce it to feet per second. The gas velocities given 
in Mr. Nelson’s paper were figured for one-half the en- 
gine displacement for each side of his longitudinal mani- 
fold. Using those values here, we obtain about one-half 
the velocity Mr. Nelson reports. 

A MEMBER:—Were these tests made with the radiator 
in place and the cooling system operating just as on a 
stock car? 

Mr. RICKER:—Not on the dynamometer test. The fan 
was the only part of the system not in operation. We 
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had practically the same resistance as in the radiator. 
The engine is maintained at a constant temperature by 
thermostat; so, irrespective of whether it was on the 
car or on the dynamometer, the temperature of operation 
was maintained constant. 

A MEMBER :—Was the thermostat connected to a pres- 
sure system or to a tank? 

Mr. RICKER:—To a tank. 

A MEMBER: — Were those manifold-pressure curves 
taken at a fixed throttle-opening or at a fixed torque? 

Mr. RICKER:—The torque varied; the throttle-opening 
was constant. 

DENT PARRETT :—Without offering any criticism of the 
carbureter, it occurs to me that possibly there is a point 
in this changing load where a leaner mixture is fed to 
the engine. For that reason, to pass this horsepower 
equivalent to a basis of 1000 r.p.m., the manifold pres- 
sure would be reduced; in other words, the suction would 
increase so as to provide a sufficient volume of fuel. It 
simply means that the carbureter was taking in a little 
more air in proportion to the fuel, to overcome that point. 

Mr. SMITH:—What were the ignition curves corre- 
sponding to the throttle-openings? 

Mr. RICKER:—We recorded the data but they have not 
yet been charted. They varied, however, and we main- 
tained them the same on both the road tests and the 
dynamometer tests, the spark being advanced the maxi- 
mum amount permissible without causing “pinging” in 
the cylinders during the road tests. 

JOHN W. STACK:—How were those indicated-horse- 
power curves plotted? Are they the result of actual ob- 
servations? 

Mr. RICKER:—No, the indicated horsepower was taken 
as the sum of the brake horsepower and the friction 
horsepower on two different engines, but taken at the 
same engine speeds. 

F. G. SHOEMAKER:—In connection with the curves in 
Fig. 11, I have observed two things in dynamometer 
testing. For instance, in taking vacuum readings at par- 
tial throttle-openings with and without gasoline, that is, 
setting to a fixed throttle-opening and turning the mix- 
ture on, the pressure in the manifold changes consid- 
erably when gasoline is used and when:there is no gaso- 
line. For that reason, changes in mixture proportions 
might account for some of the changes in the curves. 
Another thing is that we set up resonant periods in 
intake-manifolds at certain speeds. Might not this be 
accounted for by resonance in the intake pipe? I have 
noticed that this has a strong effect in the exhaust- 
manifold. We had a long 5-in. pipe on the exhaust in 
our dynamometer equipment that extended about 10 ft. 
and the horsepower curve dropped off about 2 hp. 

Mr. PARRETT:—Would not the fact that the dip in the 
curve oecurs at 1000 r.p.m. in both cases be an argument 
in favor of the idea that this resonance accounts for the 
effect ? 

GEORGE E. MARTIN:—Several late designs of engine 
have shown greater speed and horsepower than earlier 
engines of the sanfe type. What is the limiting factor of 
the engine speed and horsepower that can be developed 
in an engine of a given size? Is it a matter of the 
amount of fuel that can be put into the engine and 
burned, or the method of introducing the fuel, or a me- 
chanical characteristic of the engine? 

Mr. RICKER:—That can be answered by relating some 
experiences we have had with this engine. Experimental 
work shows that an increase in valve size or lift gives 
no further increase in the power. We are trying to de- 
termine how much a greater manifold size will do toward 
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increasing the power. The limitations seem to be almost 
entirely with the breathing apparatus. If the breathing 
apparatus were large enough, we might get all the power 
desired from the cylinders by allowing the engine to turn 
faster and faster. We may encounter balance and in- 
ertia effects that would require the use of some other 
type of piston, probably a lighter reciprocating part if 
the speeds were increased beyond this, but we have every 
reason to believe that if more power is desired there is a 
possibility of obtaining it by increasing the size of the 
breathing apparatus without otherwise changing the in- 
herent design of the engine. 

Mr. MARTIN :—Horsepower efficiency is based on the 
British thermal units in the fuel in steam-engine prac- 
tice. If a point could be reached where 100 per cent 
of the British thermal units in the fuel were utilized, 
would not that be the limiting factor in what might be 
developed in a gas engine? 

Mr. RICKER:—Judging from Diesel-engine practice, 
we know that the theoretically perfect engine, operating 
on the constant-pressure, assuming air-standard effi- 
ciency, cycle, develops mechanical power that represents 
only 57 per cent of the available British thermal units in 
the fuel. Therefore, the Diesel engine, having an effi- 
ciency of say 40 per cent or better, is really utilizing 80 
per cent or more of the available heat units in the fuel. 
On that basis, if 27-per cent efficiency is being obtained 
as shown by the indicated-horsepower curve, we are 
really obtaining about 55 per cent of the available power 
in the fuel, and this is far from being an ideal engine 
performance. 

Mr. PurDY:—The very fact that the valley of the 
curve, not the peak, occurs at a fixed engine speed rather 
than at a suction value, indicates that resonance is an 
effect that is responsive to speed and not to suction. The 
carbureter cannot take cognizance of the engine speed; 
it only takes cognizance of the suction value. So, if it 
were due to something within the carbureter or to some 
change that takes place inside the carbureter, that char- 
acteristic drop would not be at the same engine speed. 

Mr. SHOEMAKER:—Perhaps that resonance is in the 
air-valve of the carbureter, and we can attribute the 
effect to the carbureter. 

Mr. PurDY:—Undoubtedly, but that resonance effect 
would be responsive to suction rather than to engine 
speed because, with some particular carbureter, such as 
the one used in this instance, it is so well damped that 
resonance in the mechanical part of the carbureter is 
rather out of the question. Resonance in the moving 
column of air would be, of course, the same in one type 
of carbureter as in another, assuming that it was not 


modified by the resonance or reaction of the mechanical 
moving parts. 





Mr. KirBY:—Were the manometer readings steady at 
the time? 

Mr. RICKER:—They were practically steady. 

Mr. Kirpy:—Were they uniform throughout the 
range? 

Mr. RICKER:—Yes. 

PROFESSOR ROESCH:—That would cure the resonance 
effect. Would not the same effect occur at a speed of 
2000 r.p.m.? 

Mr. RICKER:—There is a slight effect at 1600 r.p.m. 

Mr. PARRETT:—It may be due to the effect of the 
pulsations in the suction of the engine combined with 
the action of the air-valve. At some certain speed the 
valve would fluctuate more and, if the valve were closed 
part of the time, that would generate suction and cause 
this drop in the curve. 

PROFESSOR ROESCH :—Why is that manifold constructed 
with square ends, as shown? 

Mr. RICKER:—It has a hole straight through with the 
ends closed by core plugs. It is done as a matter of 
manufacturing convenience to support a core at each end. 

PROFESSOR ROESCH :—Is that the best design and was 
it determined experimentally ? 

Mr. RICKER:—It is a matter of manufacturing con- 
venience, but I believe it has considerable merit. 

PROFESSOR ROESCH :—In the application of the friction- 
horsepower curve in Fig. 6 to the brake-horsepower 
curve in Fig. 4, was that friction-horsepower curve taken 
on a stiffer engine? 

Mr. RICKER :—Yes, it was taken on a very much stiffer 
engine. 

PROFESSOR ROESCH:—Then the indicated-horsepower 
curve would be too sigh in Fig. 4. 

Mr. RICKER :—Yes. 

PROFESSOR ROESCH: —In connection with measuring 
the throttle-openings shown in Fig. 7, were the 10 equal 
divisions measured on the steering-post? 

Mr. RICKER:—No. The measurements were made di- 
rectly on an indicator attached to the throttle-valve arm, 
and the sheet was accurately fixed on the carbureter it- 
self. A sheet-metal support was made for it, so there 
was no question as to its positioning with respect to the 
center of the throttle-arm. The radius of the points was 
about 51% in.; so, there was a fairly small movement of 
the throttle-valve itself and a very large indication on 
the dial. The range is slightly more than 90 deg., with- 
out any lost motion. 

PROFESSOR ROESCH:—lIn connection with those small 
throttle-openings required to drive a car at from 400 to 
800 r.p.m. of the engine, the observation of the intake- 
manifold suction might be checked, because it extends 
over a rather wide range and is measured more easily 
than smaller dial ranges. 











Vol. XI 





September, 1922 No. 3 
Secretaries of the Sections 
(See facing page for photographs) 
BUFFALO SECTION 
A. J. Fitzgibbons, 168 Claremont Avenue, Buffalo 
CLEVELAND SECTION 
E. W. Weaver, 5103 Euclid Avenue, Cleveland 
DAYTON SECTION 
R. B. May, Dayton Engineering Laboratories, Dayton 
DETROIT .SECTION 
Thomas J. Litle, Jr., 733 Seyburn Avenue, Detroit 
' INDIANA SECTION 
: B. F. Kelly, Weidely Motors Co., Indianapolis 
: METROPOLITAN SECTION 
R. E. Plimpton, 129 East 45th Street, New York City 
Mip-WEST SECTION 
H. O. K. Meister, Hyatt Roller Bearing Co., 2715 South Michigan Avenue, Chicago 
: MINNEAPOLIS SECTION 
Phil N. Overman, 10 South 10th Street, Minneapolis 
: NEW ENGLAND SECTION 
i V. A. Nielsen, 701 Beacon Street, Boston 
: PENNSYLVANIA SECTION 
Edward L. Clark, Hunting Park and Rising Sun Avenues, Philadelphia 
sige t WASHINGTON SECTION : 
Benjamin R. Newcomb, 211 Victor Building, City of Washington : 
i 


FEW of the Sections have scheduled meetings during 

September but the active season will not be ushered in 
until October when vacations have departed along with the 
warm weather. Reports reaching the Society offices show 
that the Sections are aiming high in their respective meeting 
plans‘for the coming winter. Officers are appreciative of 
the fact that successful meetings are largely the result of 
adequate preparation. Speakers are being selected well in 
advance and given plenty of time to prepare their papers. 
Authorities are being invited to discuss certain specific points 
in each paper so that discussion will be premeditated rather 
than extemporaneous. Meetings are to be appropriately ad- 
vertised and given prominence in the press before hand. 
In many cases the papers are to be printed and circulated 
in advance of the meeting date. All of these steps guaran- 
tee better Section meetings and the officers responsible for 
them are to be congratulated on their good judgment. 


SECTION PAPERS 


The author who accepts the invitation of a Section to 
present a paper at one of its meetings has undertaken more 
than an ordinary obligation. The task of preparing a paper 
should not be considered lightly and postponed until the last 
minute. It is not a difficult undertaking if given proper 
study and sufficient time is devoted to it. Papers written 


Schedule of Sections Meetings 


SEPTEMBER 
16—METROPOLITAN SECTION — Outing to West 
Point 
21—METROPOLITAN. SECTION — Effects of Oil- 





Pumping—G. A. Round—Engine Lubrica- 
tion Systems—Finley R. Porter 

22_-NEWw ENGLAND SECTION — Electric Starting 
and Lighting Equipment — Louis B. Ehr- 
lich 

29—DetroItT SECTION—Oil 
Bull 





Consumption—A. A. 
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and presented creditably establish an engineer’s position in 
his profession as few other means can, but loosely written or 
extemporaneous matter undermines one’s reputation and 
leaves an impression of incompetence. 

In preparing a paper be sure that you have something to 
say. This prerequisite calls for familiarity with your sub- 
ject. Try to present new material, the results of research, 
unless your audience has little knowledge of the topic you 
are to treat. Give facts substantiated by tests and avoid 
qualitative statements. Write an outline of your paper as 
the first step, arrange the items in proper sequence and then 
write your thoughts around each item in rough form. Ex- 
pansion and revision of this first draft will result from sev- 
eral readings of it. Make these revisions as they occur to 
you and have the manuscript typed. Submit copies of it to 
men whose experience enables them to offer constructive crit- 
icism and suggestion. The Society staff is always glad to 
assist in this way. Incorporate these suggestions in your 
draft and undertake the final revision. 

Do not be satisfied until your paper is brief and every 
paragraph pertinent to the subject. Avoid reiteration and 
needless description. The two criticisms most commonly 
voiced against engineering papers are that the thought wan- 
ders and that they are too long and complex. The scheme 
of writing an outline corrects these in major part. Brevity 
can be attained by repeated reading and revision of the 
manuscript, and the elimination of all but the most impor- 
tant thought. 


DETROIT SECTION 


The first fall meeting of the Detroit Section will be held 
on the evening of Sept. 29 at the Board of Commerce Build- 
ing. The meeting will be preceded by the customary supper 
at 6:30 o’clock. A. A. Bull will review the paper given by 
him at the White Sulphur Springs meeting on Oil Consump- 
tion and arrangements have been made to have a number of 
engineers who are well versed on the subject discuss this 
paper with Mr. Bull. 


METROPOLITAN SECTION 


The Metropolitan Section has selected engine lubrication 
as the topic for discussion at its meeting on Sept. 21. This 
meeting will be held at the Autemobile Club of America, 247 
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West 54th Street, New York City, at 8 o’clock. The technical 
program will be preceded by an informal dinner at 6:30 p. m. 
George A. Round of the automotive engineering department 
of the Vacuum Oil Co. will read a paper on the difficulties 
resulting from crankcase oil dilution. Oil-pumping, exces- 
sive carbonization and spark-plug fouling will be treated. 
Finley R. Porter will present a paper describing the types 
of engine lubrication systems in general use and summariz- 
ing the advantages and disadvantages of each. Other author- 
ities are being asked to contribute their experience and an 
instructive meeting seems assured. 

The Metropolitan Section has arranged a very attractive 
outing and visit to West Point on Saturday, Sept. 16. A boat 
has been chartered for the picturesque trip up the Hudson 
River. This boat leaves 132nd Street and the North River 
at 10 a. m., daylight saving time,, and it is planned to reach 
West Point at 1:30 p. m. Lunch will be served en route. 
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The members will be accorded the privilege of inspecting the 
buildings and grounds of the United States Military Acad- 
emy during the afternoon. Dinner will be eaten at the West 
Point Hotel and the return trip started at 7 p. m. Dancing 
and other entertainment features will add to the enjoyment 
of the boat trip. Reservations for this outing may be made 
through the Society office in New York City. Prompt action 
is suggested as the accommodations are limited. 
NEW ENGLAND SECTION 
The first fall meeting of the New England Section will 
be held on the evening of Sept. 22, at the Engineers Club, 
Boston. Louis B. Ehrlich, chief engineer of Gray & Davis, 
Inc., will read a paper on Electric Starting and Lighting 
Equipment. The meeting starts promptly at 8 o’clock and 
everyone interested in the subject of the evening is invited 
to attend and take part in the discussion. 


COUNCIL ACTIVITIES 


HE meeting of the Council held on July 26 at New York 

City was attended by President Bachman, Vice-Presidents 
Brautigam and Clark, Councilors Crane and Scott and A. J. 
Scaife. 

The financial report as of June 30 showed a net balance 
of assets over liabilities of $121,550.32, this being $17,714.58 
less than the corresponding figure on the same day of 1921. 
The income of the Society for the first 9 months of the 
current fiscal year amounted to $121,891.89. The operating 
expense during the same period was $138,972.06. 

Twenty-eight applications for individual membership and 
2 for student enrollment were approved. The following 
transfers in grade of membership were approved: From 
Junior to Member, L. M. De Turk, R. L. Spragle; from Asso- 
ciate to Member, B. B. Webb. 

It was reported that up to July 25, 1922, 468 applications 


for membership had been received, as compared with 504 
received during the first 7 months of 1921, and 754 dur- 
ing the first 7 months of 1920. On June 30 there were 
5543 names on the rolls of the Society, including affiliate 
member representatives and enrolled students, as compared 
with 5494 on the same day of 1921, and 4781 on the same 
day of 1920. 
The following appointments to the Standards Committee 
were made: 
NOMENCLATURE DIVISION—W. P. Culver 
TRUCK AND TRANSMISSION DIvIsIONS—Walter M. 
Petty. 
H. E. Brunner was named as a representative of the So- 
ciety on the Sectional Committee on Ball Bearings. 
The September meeting of the Council has been scheduled 
tentatively to be held in New York City on the 19th. 


OBITUARY 


HORACE ELMER RICE, assistant to the president of the 
American Bosch Magneto Corporation, Springfield, Mass., 
was killed Aug. 4, 1922, when his automobile was struck by 
a Pennsylvania Railroad train at a grade crossing in Oxford, 
Pa. At the time of the accident Mr. Rice, who was 39 years 
old, was on a trip that was to have included the principal 
cities of the West. 

He was born June 4, 1883, at Philadelphia. After com- 
pleting a high school course, he entered the service of the 
Consolidated Fire Alarm Co. at Philadelphia in 1898. In 
1903 he accepted a position in the laboratory of the Philadel- 
phia Electric Co. as a special designer and after remaining 
there for 3 years went with the Rowland Telegraphic 


Co., Baltimore, as its chief electrical draftsman. After re- 
maining there for 2 years he became sales engineer for W. P. 
Dallet of Philadelphia. In 1910 Mr. Rice joined the forces 
of the Atwater Kent Mfg. Co. and remained there 3 years, 
when he accepted the position of sales manager with the 
Schoen-Jackson Co., Media, Pa. In 1914 he returned to the 
Atwater Kent organization as sales manager and a year later 
took charge of the advertising work in addition to his duties 
as sales manager. He remained with this company until 
last March when he went to Springfield, Mass., to become 
associated with the American Bosch Magneto Corporation. 

Mr. Rice was elected to Associate Member grade in the 
Society Sept. 8, 1915. 
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Current Standardization Work 


Tentative Fall Schedule of Division Meetings 


Division Cleveland 
Agricultural Power Equipment 
Axle and Wheels Sept. 20° 
Ball and Roller Bearings Sept. 20° 
Chain Oct. 25° 


Electric Vehicle 

Electrical Equipment 

Engine 

Frames 

Iron and Steel 

Lighting Sept. 19 
Lubricants Sept. 21 
Motorboat 

Parts and Fittings 

Passenger Car 

Passenger-Car Body 

Springs Oct. 24 
Stationary Engine 

Storage Battery 

Transmission 


Truck 


Chicago Detroit New York City Rochester 


Nov. 7° 
Nov 3 
Oct. 24 
Nov. 6 
Sept. 25 
Oct. 26 
Sept. 28 
Oct. 30 
Nov. 1 
Nov. 2 
Nov. 7% 
Sept. 15 
Oct. 31 
Sept. 22 


“Joint meeting of Agricultural Power and Stationary Engine Divisions. 


bJoint meeting of Axle and Wheels and Ball 

Joint meeting with Power Transmission Chai 
Engineers. 

‘Joint meeting with Automotive Electric Ass« 


HE Truck Division held a meeting on July 24 to consider 

the important subject of motor-truck rating. Other sub- 
jects were discussed and acted upon as recorded below. The 
Electrical Equipment Subdivision on Spark-Plugs held a 
meeting on Aug. 18. The Subcommittee on Landing-Fields 
of the Sectional Committee on Aeronautical Safety Code 
held a meeting on July 28. 

Two series of meetings, as outlined in the accompanying 
table, have been scheduled for the months preceding the 
Annual Standards Committee meeting in January. The 
dates are subject to change, but Division and Subdivision 
members should bear them in mind in connection with any 
standardization work they are carrying on. In all cases in- 
dividual notices definitely specifying the time and place of 
each meeting will be mailed to committeemen from 10 days 
to 2 weeks in advance of the sessions. If meetings scheduled 
tentatively are cancelled or postponed, definite advices to this 
effect will be transmitted to them. 


AERONAUTIC SAFETY CODE 


A meeting of the Subdivision on Landing-Fields of the 
Sectional Committee on Aeronautic Safety Code was held 
in New York City on July 28. The original draft of the code 
covering this section was revised and will be reissued shortly 
for comment. 

Bopy HOLD-DOWN CLAMPS 


A discussion on the standardization of body hold-down 
clamps at the Motor-Truck Division meeting in July brought 
out the opinion that this subject is of more interest to body- 
builders than to truck producers inasmuch as the former usu- 
ally make their own clamps. The following recommendation 
was, however, approved for adoption as S. A. E. Recom- 
mended Practice for the guidance of the smaller body 
builders: 


The top or bottom flange of motor-truck frames 
should not be drilled for body or hoist platform hold- 
down clamps. “U” clamps should be used with a wood- 
block filler between the frame flanges to prevent bend- 
ing, similar to the construction shown in Fig. 1. 


and Roller Bearings Divisions. 
n Committee of American Society of Mechanical 
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Fig, 1—RECOMMENDED CONSTRUCTION OF Bopy 
HoLtp-DowN CLAMPS 


The use of too many hold-down clamps for securing 
the body to the frame should be guarded against, par- 
ticularly in the mounting of very stiff bodies such 
as those for oil-tanks. 


GAGES AND GAGING 


The report of the Screw-Threads Division on Gages and 
Gaging was not approved at the meeting of the Standards 


295 











Vol. XI 


September, 1922 








296 





Committee on June 20 at White Sulphur Springs, as re- 
ported in the August issue of THE JOURNAL, because it was 
felt that the report did not deal sufficiently with gaging for 
lead error. Earle Buckingham, who formulated the original 
report, has submitted the following paragraphs covering 
gaging for lead error as an extension of the report. These 
paragraphs have been referred to the members of the Screw- 
Threads Division for approval. 


A screw-thread is comprised of several elements. 
First, the outside or major diameter; second, the pitch 
diameter; third, the core or minor diameter; fourth, 
the angle of the thread form; and fifth, the lead. 
There is a broad general principle in regard to limit 


gages that should always be kept in mind. Where 
compound tolerances are not involved, a “Go” gage 


with fixed measuring surfaces may check as many 
dimensions at one time as desired, and effective in- 
spection will be secured. On the other hand, an effec- 
tive “Not Go” gage can check only one dimension. By 
effective. inspection is meant assurance that specified 
requirements in regard to size are not exceeded. 

The most difficult element of a screw-thread to gage 
is the lead. Lead-testing devices for checking tools and 
gages are available, but in general their operation is 
too slow for use as production inspection equipment. 
In addition, the lead is the most important element of 
a screw-thread as regards the nature of the contact 
between mating parts. Furthermore, an error in lead 
has almost double the effect of an equal error in diam- 
eter as regards interchangeability. Thus, for exacting 
threaded work, if the method of inspection of the parts 
produced does not effectively inspect for lead errors, 
the tools used to produce these parts must be carefully 
inspected for lead. 


GASOLINE RAILROAD CARS 


The standardization of gasoline railroad cars was discussed 
at the July Truck Division Meeting in consequence of a sug- 
gestion that had been received by the Society that a new Di- 
vision of the Standards Committee be established to work 
on the standardization of this type of vehicle. It was indi- 
cated that the conventional truck chassis will be the basis 
for the construction of gasoline railroad cars, rather than 
gasoline powerplant equipment being adapted to typical rail- 
road-car construction. 

There was a considerable discussion as to whether railroad 
or automotive engineers should carry on such standardiza- 
tion work, general opinion indicating that the automotive en- 
gineers should do so; also that, if the work is undertaken, a 
separate Division should be established. 


MOLYBDENUM STEELS 


The standardization of definite chemical analyses for 
molybdenum steels has been referred to the members of the 
Iron and Steel Division at the request of an extensive user of 
molybdenum steel. Definite action in regard to this matter 
will be taken at the next meeting of the Division. Up to the 
present iime the Iron and Steel Division has recommended 
only that the numeral “4” be used as the index to the molyb- 
denum steel specification numbers. No specific chemical com- 
positions have been approved. 


MOoTORBUS BODIES 


It was suggested at the last Truck Division meeting that 
the standardization of mounting dimensions for motorbus 
bodies be studied, but it was thought that it is too early in 
the development of this type of vehicle to undertake such 
standardization. 


MotTor-TRUCK CABS 


At the July meeting of the Truck Division H. B. Knap, of 
the Packard Motor Car Co., was appointed a Subdivision of 
one to prepare a report on the standardization of motor- 
truck cabs. Tabulated dimensions showing present practice 
as to cab construction was turned over to Mr. Knap for use 
in this connection. 
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MoTorR-TRUCK RATING 


In response to demands from the highway authorities of 
the State of Connecticut, a meeting was held at Detroit on 
July 24 to discuss the formulation of a “yardstick” of gross 
carrying-capacity and safe operation of motor-trucks for 
administrative use by licensing and law-enforcement officials 
that can be definitely determined by the manufacturer, buyer 
and the law-enforcement official. This meeting was attended 
by members of the Truck Division, a representative of the 
National Automobile Chamber of Commerce and representa- 
tives of various truck builders. 

It was felt that there is a definite need for a rating and 
that the essential elements to be considered are the strength 
and ability of steering-gears and of brakes and the strength 
of the axles. It is considered that these three factors are the 
important ones in determining the safety ability of a truck 
on the road and that all are equally important. A _ subdivi- 
sion, consisting of A. K. Brumbaugh, chairman, D. C. Fen- 
ner and A. J. Scaife, was appointed to submit the sugges- 
tions of the meeting to the manufacturers for their consid 
eration and comment. 


SPARK-PLUGS 


A meeting of the members of the Electrical Equipment 
Subdivision on Spark-Plugs was held in Detroit on Aug. 18 at 
the plant of the Packard Motor Car Co. The present S. A. E. 
Standards for Spark-Plugs, pp. A10, All and Al2 of the 
S. A. E. HANDBOOK, were reviewed and revisions 
sary to bring them into accord with the best spark-plug prac- 
tice of today recommended. The recommendations will be 
submitted to engine manufacturers and users for comment 
before action is taken by the Electrical Equipment Division. 
The personnel of the Spark-Plug Subdivision is O. C. Rohde, 
chairman, Champion Spark Plug Co.; B. de Guichard, A. C. 
Spark Plug Co.; A. D. T. Libby, Splitdorf Electrical Co.; C. 
S. Price, Bethlehem Spark Plug Co.; D. L. Arnold, Interna- 
tional Harvester Co.; L. M. Woolson, Packard Motor Car Co., 
M. J. Steele, Packard-Motor Car Co., and S. F. Evelyn, Con- 
tinental Motor Corporation 


neces- 


SPRING SHACKLE-BOLTS 


The standardization work on spring shackle-bolts has been 
discontinued by the Parts and Fittings Division in view of 
the fact that the comments received from passenger-car 
builders indicate that the type of spring shackle-bolts pro- 
posed is not satisfactory, many special designs being used by 
various companies. 

TRACTOR RATINGS 


O. W. Sjogren, a Subdivision of one appointed to formu- 
late a report on Tractor Ratings, has transmitted the follow- 
ing report of the Subcommittee on Tractor Ratings of the 
American Society of Agricultural Engineers, for the con- 
sideration of the Agricultural Power Equipment Division: 


TRACTOR RATINGS 


HE object of this report is to recommend a standard 

method or code for rating tractors, by which either 
new or old models can be accurately rated. The rating 
is to cover (a) brake horsepower delivered to the pul- 
ley on the machine driven and (b) horsepower delivered 
to the drawbar at plowing speeds. 


Brake-Horsepower Rating 


The following tests shall be conducted on each tractor 
selected by the board of engineers in charge of the 
tests: 
1—“‘Limbering-Up” Test 

The object of this test is to eliminate the stiffness 
likely to be found in a new machine. In this run trac- 
tors will be used to pull harrows, packers, or anything 
that will furnish a suitable drawbar-load. 

The loads to be pulled will be (a) approximately one- 
third load for 4 hr., (b) approximately two-thirds load 
for 4 hr., and (c) approximately full load for 4 hr. 

If the tractor manufacturer believes that a 12-hr. 





FIG. 





CURRENT STANDARDIZATION WORK 


run is not-sufficient to limber-up the tractor, reason- 
able additional time will be allowed. 


2—Brake-Horsepower Test at Maximum Load 

The object of this test is to determine the greatest 
load the tractor engine will carry on the belt with the 
governor set for rated speed and the carbureter set 
for maximum power. The brake-load will be increased 
until the horsepower developed is the greatest. 

The rated speed is to be considered the speed of the 
engine under load. 

This test should begin after the temperature of the 
cooling fluid has become constant. 

The duration of the test shall be 1 hr. without 
interruption or change in load or tractor adjustment. 

If the speed should change during the test enough 
to indicate that conditions had not become constant 
when the test was started, the test will be repeated 
with the necessary change in load. 
3—Brake-Horsepower Test at 80 per cent of the Maxi- 
mum Load Recorded in Test 2 

The object of this test is to show whether the engine 
will carry continuously its rated load on the belt and to 
show the fuel-consumption at the rated load. The gov- 
ernor is to be set to run the engine at- rated speed. 

The test will commence after the temperature of the 
cooling fluid has become constant. 

The duration of the test will be 2 hr. without inter- 
ruption or change in load or engine adjustments. 
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Rating in Terms of Maximum Load, per cent 


HORSEPOWER EXPRESSED AS A PERCENTAGE OF THE MAXIMUM 
After tests 2 and 3 shall have been conducted to the 
satisfaction of the board of engineers in charge of the 
tests, the nearest whole number to the load carried in 
test 3 is to be considered the brake-horsepower rating 
of the tractor. 
4—Brake-Horsepower Test at Varying Load 
The object of this test is to show fuel-consumption 
and governor control when the load varies. 
All adjustments are as in test 3. 
The time and the load are as follows: 
10 min. at rated load or load carried in test 3 
10 min. at maximum load 
10 min. at no load 
10 min. at one-fourth rated-load 
10 min. at one-half rated-load 
10 min. at three-fourths rated-load 
The total running time is 1 hr. and the test is to 
be conducted without stopping the engine or changing 
its adjustments. If load-changes make readjustments 
necessary, the final report of the test shall state the 
fact. 
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BELT-HORSEPOWER 


The variation in speed from the rated speed shall 
not be more than 10 per cent. 
5—Nebraska Results May Be Accepted 

In lieu of tests 1, 2, 3 and 4, the board of engineers 
may accept the results of similar tests on the same 
model of tractor conducted by and under the rules of 
the State of Nebraska for tractor tests. The brake- 
horsepower rating, however, is to be only 80 per cent 
of the maximum horsepower determined by the 
Nebraska tractor tests. 


Method of Testing 


It is recommended by the American Society of Agri- 
cultural Engineers that the brake test outlined above 
be conducted by one or more disinterested engineers 
who are full Members of one of the following societies: 

American Society of Agricultural Engineers 
American Society of Mechanical Engineers 
Society of Automotive Engineers, Inc. 

However, members engineering faculties of State 
agricultural colleges or universities are eligible to 
serve as members of the board of engineers. 

The engineer or engineers conducting the tests must 
first be approved by the Council of the American So- 
ciety of Agricultural Engineers. 

Reports of the tests must be signed by all of the 
engineers conducting them and the signed reports sent 
to the secretary of the National Association of Farm- 
Equipment Manufacturers, to be placed on file subject 
to inspection by anyone interested in them. Duplicates 
are to be furnished the secretary of the American 
Society of Agricultural Engineers and the manufac- 
turers of the tractors tested. 

These tests are to be conducted on one or more trac- 
tors picked at random from the stock run of tractors 
from the factory by the disinterested engineers con- 
ducting the tests. If more than one tractor is tested, 
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iS ne aentie ] ing system is to be determined by measuring the height 
r ( of the water at the beginning of the test and filling to 
£ the same level at the end of the test, weighing or meas- 
x 0 E | uring the water added. If necessary to secure accurate 
re a f results, the water added will be heated to the same 
4 temperature as the water in the radiator or tank. 
2 The quantity of water used in the carbureter, where 
Es ‘ such water is used for fuel purposes, is to be determined 
2 by weight. A tank is to be placed on a scale and set 
at the same height as the tank on the tractor. Water 
a § will be drawn from this tank on the scale during the 
Below 0-5 5-10 10-45 1520 20-30 20-40 40-50 50-40 60-70 70-80 8090 S000 test. The water-tank shall contain at least 2 gal. of 
Secorve Drawbor-Norsepower. ver cent water during any part of that test. 
: . These tests may he conducted at any place that meets 
Fic. 5—Tractrors Groupep To SHOW THE PERCENTAGE OF RESERVE the approval of both the manufacturer and the board 
DRA WBAR-HORSEPOWER 


of engineers conducting them. 
the averages of all tests shall be used in determining 
the brake-horsepower rating. fi 
All tests will be made on the lowest grade of fuel With respect to the drawbar rating, the manufac- 
that the tractor manufacturer recommends for the re- turer shall be given the choice of either of the follow- 
spective tractors, these fuels to be purchased in the open ing two methods: 
market and to consist of the low grades of either kero- 
sene or gasoline sold in the locality. All fuels to be 
tested by the board of engineers. 
Manufacturers must specify the kinds and grades of 
lubricant to be used in the different parts of the trac- 


Drawbar Rating 


(a) The drawbar rating to be 60 per cent of the 
brake-horsepower rating determined by Test 3. 

(b) A maximum drawbar-horsepower test conducted 
under the rules of the Nebraska tractor tests. The 


drawbar rating is to be 80 per cent of the maximum 
tors tested. developed in this test. 
F acturers shéz ish an ample 7 , Pee a 
me cee ee teens hile In submitting this report to the Division, Mr. Sjogren 
a See . : stated in amplification that 
they are being tested. 


The manufacturer will be required to furnish oper- 
ators during the entire series of tests, the board of in the testing of more than 80 different tractors indi- 
engineers to act in a supervisory capacity and to take cates that there is too great a variation in the rating 
all readings and compile the results. of tractors. In fact, there is no standard method by 

All belt tests must be made with an electric dyna- which the tractors can be rated as to the power output, 
mometer, an accurately tested Prony-brake, or other and in some cases the rating is greater than can ac- 
power-measuring device approved by the board of tually be delivered on test. In some instances the 
engineers. If a Prony-brake is used, allowance must horsepower of the engine is given as that developed 
be made in the results for the power needed to drive when directly connected to the dynamometer, the engine 


it not operating the fan or water-pump. In other cases 
The quantity of fuel used in each part of the test the tractor is given a very liberal rating based on 


Experience in Nebraska during the past 2 seasons 


shall be determined by weight and the quantity reduced what it can actually do when tested on the belt, some- 
to gallons at 60 deg. fahr. For brake tests a tank will times being rated at only 50 per cent of what it can 
be placed on a scale and set at the same height as the actually develop. 
tank on the tractor. Fuel will be drawn from this tank These are the two extremes and, in the interest of 
on the scale during the tests. The fuel-tank shall con- both the manufacturers and the users of tractors, a 
tain at least 2 gal. of fuel during every part of the standard method should be adopted for the rating of 
tests. tractors. ; A discussion of the results obtained in the 
The quantity of oil used is to be determined by the testing of 68 tractors during the season of 1920 was 
standard gallon, quart, or pint measure, or by weight given at the 1921 Farm Power Meeting of the Society 
if more convenient. at Columbus, Ohio, and published in the May, 1921, 
The quantity of water used in the radiator and cool- issue of THE JOURNAL. Fig. 2 of that discussion’ in- 





dicated that the majority of the tractors tested were 

rated at more than 80 per cent of the maximum 

ae , : , horsepower delivered on the test and that some were 

: | rated at actually more than they could deliver. Charts 

| based on all the tests conducted to date are submitted 
herewith in Figs. 2 to 6. 

The formula method of rating tractors is entirely 
impractical, especially if based on piston displace- 
ment. As proof of this contention, reference is made 
to Fig. 3 of my paper which was printed in the May 
1921 issue of THE JOURNAL’ and to the chart herewith 
showing the relation of piston displacement to engine 
weight per maximum brake-horsepower which is re- 
produced in Fig. 6. 

No argument need be presented to indicate the ad- 
vantages that would be derived by all concerned from 
a standard method of rating. 

I feel that there are two things that the Agricul- 
tural Power Equipment Division can do at this time. 
One is to specify a standard method of rating tractors. 
The other is to specify a standard testing-code, so that, 
no matter where these tests are carried out, they will 
be carried out on a uniform basis, and therefore ratings 
based on such tests will be uniform. 


1See THE JOURNAL, May 1921, p. 392 
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In this column are given brief items regarding tech- 
nical books and publications on automotive subjects. 
As a general rule, no attempt is made to give an 
exhaustive review of the books, the purpose of this 
section of THE JOURNAL being rather to indicate 
from time to time what literature relating to the 
automotive industry has been published with a short 
statement of the contents. 








DESIGN AND FUNCTIONING OF LAMINATED AUTOMOBILE 
SUSPENSION SPRING. By A. A. Remington. Paper read 
before the Institution of Automobile Engineers, 28 Victoria 
Street, Westminster, S. W., London, England. 

The paper contains information and data of considerable 
value. Mr. Remington says in part: 

It would appear that the laminated spring as used 
at present in automobile suspension is capable of con- 
siderable development, particularly in the direction of 
economy of material, resulting in reduced weight and 
cost. The suspension is the part of a motor car which 
has undergone the least change; in fact, the develop- 
ment has been practically nil. A semi-elliptic spring 
is a special case of a beam. Assuming it to be loaded 
in the center and supported at the ends, the condition 
of maximum economy is fulfilled when all the material 
is uniformly stressed, which in a beam occurs when 
the resisting moment is equal to the bending moment 
on all sections. E. Phillips, a French engineer whose 
researches were published in 1852, showed that a 
rhomboidal beam can be cut longitudinally into any 
number of pieces superimposed to form a laminated 
spring without effect on its action as a beam or spring. 
A laminated spring so formed is uniformly stressed 
throughout and, if made with circular curvature, the 
curvature under deflection will, due to uniformity of 
stress on all sections, remain circular. 

The reliability of the spring must not be judged by 
the amount of metal in it, as this may only be a 
measure of its inefficiency, and if the stress distribu- 
tion is irregular the surplus metal may actually 
reduce the reliability by causing local overstressing. 
The behavior of a spring as a component part of a 
suspension depends upon a number of external factors, 
all of which affect the smoothness of riding of the 
vehicle. To avoid temporary separation between the 
vehicle and the load, in the case of a passenger vehicle 
the passengers involuntarily leaving their seats, it is 
necessary to insure that the vertical acceleration of 
that portion of the vehicle carrying the load shall 
never exceed that due to gravity. The vertical accel- 
eration depends upon the periodicity and the amplitude 
of the suspension. 

The rate of oscillation of a spring-suspended system 
is dependent on gravity and follows the same general 
laws as the pendulum and the governor. The per- 
iodicity of a suspension has to be considered as a whole, 
as all portions act in unison to produce a resultant, 
and the separate components cannot oscillate independ- 
ently of each other. In the case of a motor car these 
can be divided into 

(1) The front-suspension vertical period 
(2) The rear-suspension vertical period 
(3) The rolling period 

(4) The pitching period 

The rolling period and the pitching period both 
result from the combined action of all the springs, 


front.and rear. The former is largely influenced by 

the height of the center of gravity above the suspen- 

sion level, and is usually considerably slower than 
either of the vertical periods, while the latter depends 
on wheelbase and weight distribution longitudinally. 

The difference between the rolling and the rear. vertical 

periods and the small practical range of -periodicity 

constitute the principal disadvantages of normal sus- 
pension systems and indicate the most promising direc- 
tions in which to seek for improvement. 

The effect of friction between the leaves is-to damp 
out the oscillations gradually. Laminated .springs 
present considerable resistance to torsion, especially 
when under load, due to the lessened tendency for,the 
leaves to separate and this resistance, on account of. the 
methods of mounting adopted, stiffens the usual forms 
of suspension in their resistance to rolling. 

The following tabulation gives a very interesting com- 
parison of practical steel stresses as used in Great Britain 
and in the United States: 

Great United 


Britain States 
Minimum Tensile Strength, lb. per sq. in. 


Carbon Steel 179,200 185,000 

: 200,000 

Alloy-Steel 201,600 } 10/000 
Maximum Safe Stress, lb. per sq. in. 

Carbon-Steel 112,000 130,000 

ae § 165,000 

Alloy-Steel 145,600 1 170,000 


Maximum Permissible Normal 
Static Stress, lb. per sq. in. 
Carbon-Steel Front Springs 44,800 40,000 
Carbon-Steel Rear Springs 67,200 ; yee 

Alloy-Steel Front Springs 53,760 45,000 
Alloy-Steel Rear Springs 80,640 rye 
In all his calculations for stress, flexibility and deflections 


Mr. Remington uses empirical formulas similar to those used 
by spring engineers in this Country. His theories pertain- 
ing to economic design, uniformity of stress and leaves 
formed to true radii are correct and are used by a few 
engineers in this Country.—S. P. H. 


CARBON MONOXIDE POISONING IN CLOSED GARAGES. Reprint 
No. 694 from the Public Health Reports published by the 
Government Printing Office, City of Washington. 8 pp. 


Automobile owners and garage workers should be warned 
of the danger involved in running a gasoline engine in a 
small closed space and advised to see that the garage is 
well ventilated before permitting an engine to run for any 
considerable period of time. The principal toxic substance 
in the exhaust gas of gasoline engines is carbon monoxide, 
which quickly overcomes persons exposed to it above certain 
concentrations. Some interesting experiments on this sub- 
ject have recently been carried on in connection with a pre- 
liminary study of the problem of ventilation involved in the 
proposed vehicular tunnel under the Hudson River. These 
experiments were made in especially prepared gassing cham- 
bers and related principally to the length of time it is safe 
to be exposed to various concentrations of carbon monoxide 
and the amount of carbon monoxide given off in the exhaust 
of automobile engines. Human beings, horses and dogs were 
used as experimental subjects. 

A small automobile, rated at 23 hp., was used and it 
appeared that approximately 1.5 cu. ft. of carbon monoxide 
per min. was produced by the car. If a car while warming 
up should give off 1 cu. ft. of carbon monoxide per min. in 
a closed room 10 x 10 x 20 ft., the atmosphere would reach 
the dangerous concentration of 15 parts in 10,000 in 3 min. 


MATHEMATICAL THEORY OF INDUCED VOLTAGE IN THE HIGH- 
TENSION MAGNETO. By Francis B. Silsbee. Bureau of 
Standards Scientific Paper No. 424. 60 pp. 


One of the problems that has received attention from the 
National Advisory Committee for Aeronautics is that of the 
high-tension magneto, and a detailed study of this device 
has been carried on at the Bureau of Standards under its 
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auspices. While in the past the magneto has been developed 
along empirical lines, there has recently appeared a ten- 
dency to place the design of this type of apparatus upon a 
more definite scientific basis, and as a foundation for such 
a rational design at least an approximate theory of the 
internal phenomena that take place within it must be avail- 
able. The present paper develops from several points of 
view such an approximate theory for one particular period 
in the cycle of operation and correlates certain of the the- 
oretical conclusions with a few experimental results. 

The magneto is an exceedingly complex electrical system 
that serves to transform energy from mechanical through 
magnetic and electrical forms into heat energy in a high- 
voltage spark. It is probably impossible to give a complete 
mathematical treatment that will permit of the exact com- 
putation of all the phenomena which occur in such a device. 
Equations can, however, be developed for various combina- 
tions of circuits that approximate more or less closely to 
the actual magneto, and these abstract theoretical circuits 
will be referred to in the following pages as “models” of 
the magneto. Such models are useful for two distinct 
purposes: (a) the change in the performance of the model 
under various conditions gives a qualitative indication of 
the corresponding behavior of the actual magneto under 
similar conditions and (b) a quantitative expression for 
any specific property of the magneto, such, for example, 
as the effect of eddy currents or the magnitude of the sec- 
ondary capacity, may be expressed by the numerical value 
of the corresponding quantity in the model, and changes 
made upon such properties as a result of changes in the 
design can thus be numerically expressed and compared. 

Three different circuits, representing in simplified form 
the essential features of the high-tension magneto, are 
developed and equations for the electrical performance of 
each are given. It is shown that by the insertion of proper 
electrical constants in these equations the resulting per- 
formance will be substantially the same as that of an actual 
magneto. Methods are suggested for the experimental 
determination of these constants, and the agreement between 
this theory and the observed results is shown in certain 
cases. 

While this article is a highly technical one, it presents 
the results of a careful mathematical analysis of the per- 
formance of the high-tension magneto in a form that should 
be readily available to those who are familiar with the prob- 
lem of magneto design. The material presented is for the 
most part original and should be of great value to those 
interested in the subject. 


HYDROSTATIC TEST OF AN AIRSHIP MODEL. National Advisory 
Committee for Aeronautics. Technical Note No. 87. 15 
pp.; illustrated. 


The report describes an ingenious test on a Goodyear air- 
ship model in which the model was filled with water and sus- 
pended from a beam, and the deformations of the envelope 
studied under varied conditions. A study was made to 
determine the minimum head of water necessary to maintain 
the longitudinal axis of the envelope under these conditions. 
The effect of filling with water on the length of the model 
was also noted. Photographs of the model recording the 
deflections under each of the varied conditions are given, 
as well as those taken of the model filled with air and after 
filling with water, before any adjustment of the suspension 
was made. 


ENGINE LUBRICATION. By E. L. Bass. Paper read before 
the Institute of Automotive Engineers, 28 Victoria Street, 
Westminster, S. W., London, England. 67 pp. 


The author first engages in a short general discussion of 
the development of internal-combustion engine lubrication 
and points out the several respects in which improvement 
is highly desirable. The chief problem is that of piston 
lubrication, and the author discusses this subject in some 
detail and offers helpful suggestions as to piston design, 
choice and application of lubricants, especially those con- 
taining colloidal graphite. The discussion of piston lubri- 
cation is amplified by an abridged discussion of the problems 
of lubrication of the other working parts of the engine, and 
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the generally accepted principles of bearing design and 
methods of coping with the difficulties that are presented. 
A short critical survey of the three types of lubrication 
systems, their advantages and drawbacks, and the various 
devices employed by these systems is also given. ._ The sub- 
ject of crankcase dilution is treated in more detail, and 
the author emphasizes the need for a thorough laboratory 
examination of the various lubricants to determine their 
characteristics with respect to their tendencies to absorb 
fuel fractions, lose viscosity with dilution, etc. 

In the several appendices to the paper the author gives 
some data, useful in the design and construction of bear- 
ings. However, several of his statements are subject to 
correction. For example, in the third appendix he states 
that “The friction of liquids varies as the square, not as 
the square root of the speed; hence the friction of a well 
lubricated bearing is not merely that of the lubricant.” 
This is obviously not the case, for when a bearing is 
operated under the conditions of “perfect” lubrication, the 
surfaces are separated by a thin film of lubricant moving 
substantially in straight-line flow. The friction, therefore, 
should theoretically, and does actually, vary directly as the 
first power of the speed, and also proportionally with vis- 
cosity of the liquid in the film. The apparently slow 
increase of friction with the speed observed in many cases 
is simply due to a failure to correct for the decreased vis- 
cosity of the liquid in the film, due to higher temperatures 
at the higher speeds. Contrary to Bass’s conclusion, the 
friction at high speeds can and has been shown to be due 
entirely to friction of the fluid in the film. In Appendix 6 
the author gives a table of safe carrying powers for various 
lubricants. The pressures quoted can mean little, as the 
maximum allowable loading of a bearing depends on the 
viscosity and the speed of rubbing, both of which the author 
fails to specify for the values quoted. The final appendix 
consists of a very useful bibliography of treatises on the 
various phases of lubrication. 

As the ground covered by the author could easily furnish 
sufficient subject matter for a book of considerable size, this 
paper, even though it covers 67 pages including the appen- 
dices, is necessarily incomplete in many details, especially 
as regards American practice. It is nevertheless a very 
useful discussion for those concerned with the practical side 
of engine lubrication.—D. P. B. 4th. 

METHODS FOR TESTING PETROLEUM PRopucts. Adopted by the 
Interdepartmental Petroleum Specifications Committee of 
the Government. Bureau of Mines Technical Paper No. 
298. Published by the Superintendent of Documents, City 
of Washington. 21 illustrations; 58 pp. 

This booklet is intended for the use of petroleum labora- 
tories and the methods described are those used officially in 
the routine testing and inspection of petroleum products 
bought under Federal specifications. Methods of testing 
color, pour point, viscosity, distillation range, flash and fire 
points and many other properties of lubricating oils and fuels 
are included. A list of the other Bureau of Mines publica- 
tions on refinery engineering and petroleum chemistry is 
printed in the booklet. 


CHROMIUM STEELS AND IRON. By Leslie Aitchison. Paper 
read before the Institution of Automobile Engineers, 28 
Victoria Street, Westminster, S. W. London, England. 
24 pp.; 17 illustrations. 

The characteristics of chromium steels and irons are de- 
scribed in this paper for the benefit of the automobile engi- 
neer. The chemieal and physical characteristics of two 
series of chromium steels are covered, one having carbon and 
chromium-contents ranging from 0.34 to 0.47 and 1.28 to 
16.07 per cent respectively, while the other has a carbon- 
content of from 0.07 to 1.01 per cent, with chromium ranging 
from 11.00 to 12.00 per cent. 

The conclusions drawn can be summarized ‘as follows: 


(1) Chromium steels can be obtained that possess all 
the mechanical properties desired by the automo- 
bile engineer for structural or engine work. From 
the standpoint of mechanical properties the chro- 
mium-content need not exceed 3 per cent; while for 
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small parts from 1.00 to 1.50 per cent of chromium 
is ample 

(2) In steels containing a medium proportion of car- 
bon, 0.35 to 0.45 per cent, the effect of increasing 
amounts of chromium on the mechanical properties 
is at first great, rising rapidly to a maximum that 
holds for a considerable distance, after which there 
is a slight falling away 

(3 


— 


The influence of carbon on the mechanical proper- 
ties is the greater, overshadowing the chromium 
very much. This applies to both low and high- 
chromium steels 


(4) There is a considerable range where both the so- 
called stainless and mechanical properties are ex- 
cellent; further, that many of the mechanical 
requirements of the automobile designer can be 
met fully by the stainless irons having a carbon- 
content of from 0.07 to 0.15 per cent. This mate- 
rial possesses as good stainless properties as the 
higher carbon compositions, and in addition has the 
advantage of better machining qualities 


(5) The mechanical advantages of vanadium addi- 
tions to chromium steels are not apparent; that is, 
the increase in strength is not commensurate with 
the cost.—F. P. G. 


RADIATORS FOR AIRCRAFT ENGINES. Bureau of Standards 
Technologic Paper No. 211. Published by the Superin- 
tendent of Documents, Government Printing Office, City 
of Washington. 


The paper describes the laboratory investigations relating 
to aircraft engine radiators that were conducted by the 
Bureau during the World War and in the 2 years immediately 
succeeding it. Individual reports covering many phases of 
the subject have been published previously by the National 
Advisory Committee for Aeronautics and in scientific and 
engineering journals. These reports, however, lack the sys- 
tematic coordination, uniform terminology and unified mathe- 
matical treatment that should characterize a handbook on the 
subject. Moreover, the problems that were investigated first 
because of their greater importance and which were the sub- 
jects of the earliest reports are for that reason not so well 
covered as is now possible because the later work has thrown 
much additional light upon matters not settled at the time 
of the publication of the earlier reports. 

Accordingly, the present paper is much more than a re- 
print and is in fact a revision and recompilation of the mate- 
rial available. The special investigations reported include: 
Development of the methods of measuring air-flow in radi- 
ator tubes, experiments upon the effect of the nature of sur- 
face upon air-flow and upon heat dissipation from the surface 
of metal tubes to a high velocity airstream, experiments to 
ascertain the degree of turbulence in the air tubes of a radi- 
ator core and the mapping of the temperature distribution 
axially and transversely in the air tubes of radiator cores. 

In addition to recording these special investigations, the 
paper contains a full description of the laboratory methods 
and instruments employed and descriptions of the physical 
properties and geometrical characteristics of the various 
cores tested. Performance characteristics of 66 types of core 
are given in graphical form and empirical equations for re- 
lating the heat dissipating power of a radiator to the air- 
flow through the core, for computing the performance of a 
core of any depth from that of a core of exactly similar con- 
struction but of a different depth and for computing the heat 
dissipating power of such cores from their geometrical 
dimensions are included. 

The effectiveness of indirect cooling surface, that is, cool- 
ing surface not backed by flowing water is developed mathe- 
matically, reduced to a practical working equation and 
applied to the computation of the best fin dimensions for 
given conditions. Also, the equations of thermal conductivity 
are applied to produce a table showing the temperature drop 
through metallic water-tubes of radiators having various 
wall thicknesses of different kinds of material. 
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The effect upon the heat dissipation of a varying rate of 
water-flow is considered in detail; also a comparison of dif- 
ferent methods of testing radiator cores calorimetrically and 
a great many other topics having to do with the perform- 
ance of the radiator in different positions and at various alti- 
tudes are discussed. 


INTERFERENCE METHODS FOR STANDARDIZING AND TESTING 
PRECISION GAGE BLockKs. Bureau of Standards Scientific 
Paper No. 436. Published by the Superintendent of Docu- 
ments, Government Printing Office, City of Washington. 


This paper describes interference methods by which the 
planeness and parallelism errors of precision surfaces can 
be measured and the length of standard gages can be deter- 
mined by direct comparison with the standard light waves 
with an uncertainty of not more than a few millionths of an 
inch. The extensive use of precision gages, which are usually 
blocks of steel, although other metals are sometimes used, 
having two opposite faces plane, parallel and a specified dis- 
tance apart, necessitated by the small tolerances allowed in 
the manufacture of interchangeable machine parts, has re- 
quired more accurately determined end standards and more 
rapid and precise methods for comparing gages with these 
standards than have been available previously. As compar- 
isons of end standards with line standards by micrometer- 
microscopes and of precision gages with end standards by 
contact instruments are subject to appreciable errors, meth- 
ods that make use of the interference of light waves have 
been used by the Bureau of Standards in making these meas- 
urements. The errors of other gages can be determined by 
comparison with these calibrated standards with equal pre- 
cision. The process makes the standard light waves that 
have been determined to 1 part in 4,000,000 or 5,000,000 rela- 
tive to the international meter the standards of length for 
this work. The apparatus used for calibrating the standards 
and comparing other gages with these standards is illus- 
trated by line drawings and thoroughly explained. 


SKIN FRICTIONAL RESISTANCE OF PLANE SURFACES IN AIR. 
By W. S. Diehl. National Advisory Committee for Aero- 
nautics Technical Note No. 102. 4 pp.; 2 illustrations. 


This bulletin gives an abstract of recent German tests of 
skin frictional resistance in plane cloth surfaces. With doped 
surfaces, the coefficient of frictional resistance decreased uni- 
formly with the Reynolds number, but with rough surfaces, 
that is, with the cloth in the original condition, with the nap 
singed off, the values were erratic. 

In the notes incorporated in the abstract, W. S. Diehl of the 
United States Navy Bureau of Aeronautics expresses the re- 
sults of the tests on doped surfaces in a convenient engineer- 
ing formula, accompanied by two graphs to facilitate cal- 
culation. 


POWER ALCOHOL: ITs PRODUCTION AND UTILIZATION. By 
G. W. Monier-Williams. Published by Henry Frowde and 
Hodder & Stoughton, London. 312 pp. 48 illustrations. 


This volume should be of considerable interest to both 
producers and consumers of power alcohol. The author dis- 
cusses in detail the various sources of alcohol, the economics 
of its production, methods of distillation and its chemical 
and physical properties from the motor-fuel standpoint. A 
final chapter discusses the results of tests made on engines 
running on alcohol and alcohol mixtures. There are many 
diagrams and statistical tables and excellent bibliographies 
at the end of each chapter. 

In one respect, at least, the book is an innovation. One 
chapter deals with the production and use of alcohol from 
the point of view of the Latin-American and tropical planter, 
who grows sugar-cane, and depends upon American cars and 
trucks to solve his transportation problem. He cannot get 
gasoline and is interested in the possibility of producing 
alcohol to run his car from the sugar cane that he grows. 
Here is food for thought for the manufacturer who is in- 
terested in extending his foreign market, and is willing to 
adapt his engines to run on alcohol, if necessary. 
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regard to those listed which the Council should have f 
consideration prior to their election. It is requested that 
such communications from members be sent promptly. 
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> 
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Guick, PHILLIP P., inspector, Moon Motor Car Co., St. Louis 


GOODYEAR, JOSEPH P., engineer, Oakland Motor Car Co., Pontiac, 
Mich 


Groves, FRANK A., president and general manager, Stemco Engi- 
neering Co., Dayton, Ohio. 


a TL a ile en tt ma 


HERMAN, F. P., manager of factory sales, Houdaille Co., Buffalo 


{ HirsuH, Davin H., instructor, Greer College of Automotive Engi 
: neering, Chicago. 


Houz, Frep C., service inspector, Gomery-Schwartz Motor Car Co 
Philadelphia. 





i JACKMAN, CHARLES W., draftsman, Chevrolet Motor Co Detroit 
KAHRL, ASA, proprietor, Kahrl & Lamm, Farmington, Mich 


KARLSSON, K. EDWIN M., factory manager, Cleveland Automobile Co 
| Cleveland. 


LANG. Harry O., heat treating engineer, Oakland Motor Car Co., 
Pontiac, Mich 
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MITRA AN c foreign representative Auto Transit Syndicate 
Calcutt India 
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Citi 
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PILIBOSS EDWARD D., designer and enginee1 Chevrolet Motor Ca 
Co., Flint, Mich 


PRICE, LEONARD C., student, Cornell University, Ithaca, N. Y. 


ST. Crorx, JAMES J., bod engineer, Fifth Avenue Coach Co., Ne 


SALTZMANN, FRED, assistant forema Milwaukee Die Casting ( 
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SHEAFF, HOWARD, aeronautical engineer, L. W. F. Engineering Cor- 
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SIMPSON, ALBERT F., field representative, foreign de] 
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SINK, ARVEL T., engineer, Fellows Gear Shaper Co., Springfield, \ 


STANLEY, THOMAS R., general manager, Oil Citv Engine & Powe 
Co., Oil City, Pa 


SToREY, EpwIn F., layout draftsman. Linc¢ Motor Co., Dearborn. 


STOREY, FRANK E., layout and deta Chevrolet Motor Co., Detroit 


TEKETOR, LOTHAIR, sales manager, Indiana Piston Ring Co., Hagers- 


Wheel Co., Roches- 





TILLEY, NORMAN NEVIL, aeronautical mechanical engineer, McCool 
Field, Dayton, Ohio 


Topp, RALPH R., chief inspector, Oakland Motor Car Co., Pontiac, 
Mich 


Too._e, GEORGE E., division chief inspector, Oakland Motor Cal 
Co.. Pontiac, Mich 


TOWNSEND, H. H chairman of the board and general manager, 
Citizens Oil Corporation, Trenton, N. J 


UPpsTILL, EpGArR D., experimental assistant, White Motor Co., Cleve- 
land 


VOGEL, FRANK E., student, 225 Fairchild Street, Iowa City, Iowa 


WATERS, DeEVER, sales manager, Schwarz Wheel Co., Frankford, 
Philadelphia 


WEAVER, CAPT. WILLIAM K., JrR., Camp Holabird, Md. 
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Fire Department, Boston 
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Co., Long Island City, N. Y 
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ADAMS, JOHN NEWELL (E S) student, University of Michigan, Ann 
Arbor, Mich., (mail) 123 Maple Street, Somerset, Ky 


AUSTIN, E. W 


(A) district manager, Timken Roller Bearing Co., 
Canton 5 


t 
Ohio, (mail) 533 Bulkley Building, Cleveland 


BAUCH, CHARLES E. (J) 
City of Washington 


bureau of aeronautics, Navy Department, 


3EEGLE, F. N. (A) president, Union Drawn Steel Co., Beaver Falls, 
Pa., (mail) Darlington Road 
BERRY, JOHN T. 


(M) superintendent, 
Orillia, Ont 


Carriage 
, Canada, (mail) P. O. 


Factories, 
Box 616. 


Ltd., 


BLOMBERG, M 
Corporation, 
Street. 


(M) motor truck equipment, National Steel Car 
Ltd., Hamilton, Ont., Canada, (mail) 121 Charles 


30YER, RALPH L. (E S) student, Ohio State University, Columbus, 


Ohio, (mail) Central Y. M. C. A., 55 Hanson Place, Brooklyn, 
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BRAINERD, HOWARD §5S (A) metallurgist, Ingersoll tand Co., 
Phillipsburg, N. J 
BRAMLEY, M. F. (A) president and 


general manager, 


Templar 
Motors Co., 886, The Arcade. 


Cleveland, (mail) 


BrRIcE, JOHN R. (J) 


layout draftsman, Yellow Cab Mfg. Co., 
cago, (mail) 


Chi- 
1716 North Campbell Avenue. 


Broock, HAROLD (J) 80 Longfellow Avenue, Detroit. 


— 
oe) 


tOOKS, 


HOWARD 


(A) assistant superintendent, American Smelters 
Securities Co., 


Velardena, Durango, Mexico. 


BRUNNER, ALEXANDER (A) proprietor, A. Brunner & Son, 744 South 
Twelfth Street, Newark, N. J. 


BUCKBEE, GEORGE A. 


(A) salesman, Gurney Ball Bearing Co., 
Jamestown, N. Y.., 


(mail) 20 East Jackson Boulevard, Chicago. 


BURTON, 


ROBERT B. (M) chief draftsman, Rolls-Royce of America, 
Inc., 


Page Boulevard, Springfield, Mass. 


CASTLE, D. W. 


(A) instructor, South 
(mail) 


High School, 
1334 South 26th Street. 


Omaha, Neb., 


CLEMENTS, M. R. (J) Studebaker Corporation of America, 


South 
Bend, Ind., (mail) 627 Portage Avenue. 


CooK, HARMON J. (A) works manager, Standard plant, Torrington 
Co., Torrington, Conn. 


CRAWFORD, KENNETH G. (J) 


draftsman, Sanford Motor Truck Co., 
Syracuse, N. Y., 


(mail) 46 Lenox Avenue, Oneida, N. Y. 


DANIEL, E. H. (M) president and general manager, London Motor 
Plow Co., Springfield, Ohio, (mail) 1101 West Pleasant Street. 


DANLY, PHILO H. (M) Danly Machine Specialties, Inc., Chicago, 
(mail) 829 North Laramie Avenue. 


Demory, A. R. (M) president, Timken Detroit Axle Co., Detroit. 


DOYLE, WILLIAM EDWARD, JR. (E S) student, Stevens Institute of 
Technology, Hoboken, N. J., (mail) 12 Murray Place, Staple- 
ton, Staten Island, N. Y. 


Dryer, JAMES C. (A) vice-president, James Cunningham Son & Co., 
13 Canal Street, Rochester, N. Y 


Epy, EarL E. (M) service manager, Remy Electric Co., Anderson, 
Ind. 
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EDMUNDS, GEORGE E. (A) president, Edmunds & Jones Corporation, 
4440 Lawton Ayenue, Detroit. 


ELLER, ULYSSES GRANT, JR., (J) draftsman, 
(mail) 5325 


Dodge 
5325 Cornell Avenue, Chicago. 


3ros., Detroit, 


EXRSKINE, ALBERT R. (M) _ president, 


Studebaker 
America, South Bend, Ind. 


Corporation of 


FARRIS, MARTIN W. (A) foreman mechanic, Studebaker Corporation 
of America, Brooklyn, N. Y., (mail) 98 72nd Street. 


FELBECK, GEORGE T. (J) research, assistant in 
ing, University of Illinois, Urbana, Ili., 
Engineering Laboratory. 


mechanical engineer- 
(mail) 102 Mechanical 


FETHERSTON, W. L. (A) manager, trade division, Robert Bosch 
Magneto Co., 123 West 64th Street, New York City. 
FORREST, CLIFFORD L. 


(E S) student, Ohio State University, Colum- 
bus, Ohio, 


(mail) 533 Pearl Street, Sandusky, Ohio. 


FOsTEeR, WILLIAM J. 
Service, McCook 
R. F. D. 13. 


(A) 
Field, 


aeronautical 
Dayton, 


mechanical 
Ohio, (mail) 


engineer, Air 
Markey Road, 


FRENCH, C, A. 


(M) engineer, International Harvester Co., 
(mail) 


Chicago, 
1675 South High Street, Columbus, Ohio. 
GOLDSTEIN, ALEXANDER (E_ 8S) 


student, Armour Institute of 
Technology, Chicago, (mail) 


1017 South Hermitage Avenue. 


GRANT, HvuGo B 
Chicago, 


(A) 


mechanical engineer, Turbulant Corporation, 
(mail) 


7650 Paxton Avenue. 


GRIFFITH, EDWARD W. (A) 


factory 
Co., Harvey, Ill. 


representative, Forsyth Bros. 


GUNN, GEORGE, JR., (A) Kelly-Springfield Truck Sales Co., 1525 11th 
Avenue, Seattle, Wash. 


HADLEY, NEWTON F. 


(M) Zeder-Skelton-Breer 
Newark, N. J., 


Engineering Co., 
(mail) 910 Summit 


Place, Elizabeth, N. J. 


HARRIS, FirRst-LIEvUT. 


HAROLD R., 
Dayton, Ohio. 


(A) Air Service, McCook Field, 


HATCH, DorRRILL K. (J) technical sales, Gurney Ball Bearing Co., 
Jamestown, N. Y., (mail) 20 East Jackson Boulevard, Chicago. 


HAWKINS, PAUL I. 
Sales Co., Inc., 
Alameda, Cal. 


(A) 
San 


mechanical 


superintendent, 
Francisco, 


Haynes Auto 
(mail) 2166 


Encinal Avenue, 


HECKMAN, WILLIAM (A) secretary, Heckman Signal Co., 1828 North 
17th Street, St. Lowis. 


HENDRICKS, L. R. (J) instructor, Youngstown 


Institute of Tech- 
nology, Youngstown, Ohio, (mail) 


2140 Hillman Street. 


HILL, Frep M. (E §S) student in engineering, Michigan Agricultural 
College, East Lansing, Mich. (mail) 337 Abbot Avenue. 


HOFFMAN, RoBERT J. (M) works manager, Prest-O-Lite Corporation, 
30 East 42nd Street, New York City. 


HOHNKE, JOHN H. (E SS) student, Michigan Agricultural College, 
East Lansing, Mich. 


Ho.Lper, H. A. (A) president, R & V Motor Co., East Moline, IIl. 


HOLMES, JOHN Q. (J) metallurgical engineer, 


Nordyke & Marmon 
Co., Indianapolis. 


HoLtT, Harry W. (A) secretary, Charles B. Bohn Foundry Co., 
Detroit. 

HvuesoTTrer, H. A. (M) research assistant, Purdue University, 
Lafayette, Ind., (mail) care of Engineering Experiment Sta- 


tion. 


Hutt, ALBERT E. (M) assistant general manager, Detroit Motorbus 
Co., Detroit, (mail) 2964 West Grand Boulevard. 


KAISER, AuGUST (J) body engineer, Zeder-Skelton-Breer Engineer- 


ing Co., Newark, N. J., (mail) 1082 Myrtle Avenue, Brooklyn, 
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Co. 
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